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Introduction 
Midas Gold Idaho, Inc. (MGII or Midas Gold), is proposing to restore and mine portions of the 
historical Stibnite-Yellow Pine Mining District (District) in Valley County in central Idaho. Midas Gold 
has performed a number of baseline studies for the proposed Project. This Water Resources 
Summary Report (WRSR) has been prepared by Brown and Caldwell (BC) to synthesize the data from 
the surface water and groundwater hydrology and water quality studies. It documents the existing 
surface water and groundwater resources in the Study Area and includes compilations of the 
available climatic, geologic, hydrologic, and water quality data. It also provides the locations of legacy 
mining features for understanding current water quality conditions.  

The SGP is located about 7 miles east of the town of Yellow Pine (14 miles by road) (Figure 1-1) in 
portions of Sections 1–3, 10–16, 20–22, 24 and 28, T18N, R9E, and Sections 34–35, T19N, R9E. 
It is located in the Boise National Forest but administered by the Krassel Ranger District of the 
Payette National Forest (PAF). The PAF is preparing an environmental impact statement (EIS) for the 
proposed Project through the National Environmental Policy Act (NEPA) process. Surface ownership 
in the SGP area includes both private (i.e., patented claims) and unpatented claims on national 
forest land (Figures 1-2 and 1-3). 

Mining began in the District in the late 1800s and continued intermittently through 1997. Beginning 
in 2009, the Midas Gold group of companies, represented today by the operating company MGII (a 
subsidiary of Midas Gold Corporation) began to acquire mining claims throughout the District from 
prior owners or by staking claims on its own behalf. With federal and state approval, MGII initiated 
mineral exploration activities in 2009 to better define the mineral deposit potential for the area. MGII 
also conducted extensive studies to understand the current environmental conditions at site and 
designed the SGP to address and repair existing historical legacy issues. The current proposed SGP 
is described in the Plan of Restoration and Operations (PRO or Plan) (Midas Gold 2016). 

Two primary areas are discussed in this report. The “Project Area” (or site) includes the proposed 
disturbances in the PRO (Figure 1-2). The water resources study area (Study Area) includes the entire 
watershed (Figure 1-3) to match the area of the Stibnite Hydrologic Model being prepared by John 
Shomaker and Associates, Inc. (JSAI). Proposed access and powerline routes had not been defined 
when the baseline studies began nor are the data needs as detailed for those components of the 
Project. As a result, the access and powerline route areas have not been included in this WRSR.  

The objectives of the WRSR are as follows: 
• Synthesize the four water resources baseline study reports into a single comprehensive report 
• Integrate components from other pertinent studies, including hydrology field survey, and the 

geological resources and hazardous materials baseline studies 
• Provide more thorough and broader interpretations of baseline data 
• Develop hydrogeologic conceptual site model and stream gain/loss analysis to support the 

groundwater modeling effort 
• Facilitate timely agency review and acceptance of the water resources baseline studies as 

adequate for NEPA 
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The SGP site includes a number of old mine features that contribute to environmental degradation at 
the site; therefore, MGII’s PRO integrates restoration of these with development of new mining 
facilities using modern environmental practices. Redevelopment will allow for raising enough capital 
to properly restore the environment. Fish have not been able to swim past the historical Yellow Pine 
pit since 1938. In addition, high amounts of sediment are running into the waterways—degrading 
water quality and fish habitat. MGII’s PRO will address these impacts, and is designed so much of 
the restoration work will occur early in the Project. 
Restoring the site means improving water quality by cleaning up millions of tons of rock dumps and 
tailings that slowly leach metals into nearby ground and surface water, and send sediment into 
surface water. Restoration means helping fish migrate to the upper stretches of the river for the first 
time in 80 years. The future mining would operate at the highest level of environmental and safety 
standards. The SGP offers what is likely the only opportunity to fund the cleanup of legacies left by 
historical mining operators. The current conditions can be summarized as follows: 
• A site in need of repair: Without a strong effort to clean up the site, a host of legacy 

environmental impacts will remain 
• Blocked fish travel: Fish are blocked at the Yellow Pine Pit from their upstream spawning 

grounds and have been for nearly 80 years 
• Sediment erosion: Hundreds of tons of sediment erode into the river each year 
• Ore and tailings: At least 10.5 million tons of spent ore and unconstrained tailings have been left 

behind in the spent ore disposal area (SODA), Bradley tailings, and Hecla heap alone 
• Abandoned features: Open pits, tailings, rock dumps, smelter sites, town sites, and heap leach 

pads contribute to degraded water quality 

The SGP benefit highlights are as follows: 
• A site in need of repair: From the very beginning of the SGP, MGII’s plan will bring the funding 

and resources necessary to restore the area 
• Blocked fish travel: The East Fork of the South Fork of the Salmon River (EFSFSR) and many of 

its tributaries will be restored to natural gradient and flow and habitat for fish migration will be 
restored 

• Sediment erosion: East Fork Meadow Creek (locally known as Blowout Creek) will finally be 
repaired, solving a massive source of sedimentation 

• Ore and tailings: 3 million tons of tailings will be reprocessed and safely stored and more than 
7 million tons of spent ore will be repurposed and isolated from interaction with surface water 
and groundwater 

• Abandoned features: 50,000 feet of stream channel will be repaired, 454 acres of wetland and 
open water will be created or enhanced, all structures will be removed, and the area reclaimed 

The United States Forest Service (USFS) has jurisdictional authority over surface disturbance 
associated with mining and exploration activities on national forest land in the Stibnite District. The 
Idaho Department of Lands (IDL) has jurisdictional authority over exploration and mining-related 
activities on private lands and oversight of these activities on Federal lands within its administrative 
area (Idaho Administrative Procedure Act [IDAPA] 20.03.02). The Project is located in the IDL Payette 
Lakes supervisory area. The U.S. Environmental Protection Agency (EPA), U.S. Army Corps of 
Engineers (USACE), Idaho Department of Environmental Quality (IDEQ), and the Governor’s Office of 
Energy and Mineral Resources are Cooperating Agencies for the EIS.  

This WRSR has been prepared by BC to support the SGP EIS. It documents the existing surface water 
and groundwater resources in the Study Area and includes compilations of the available climatic, 
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geologic, hydrologic, and water quality data. It also provides the locations of legacy mining features 
for understanding current water quality conditions.  

Baseline surface water monitoring by MGII began in February 2012, and included mapping and 
monitoring of discharge and water quality of area seeps, springs, and streams. Baseline groundwater 
monitoring by MGII began in September 2012, and included the installation of a monitoring well 
network and monitoring of groundwater levels and water quality. Aquifer and slug tests were also 
performed to estimate aquifer parameters.  

The field work and data validation activities were performed by MGII’s contractors, including HDR 
Engineering, Inc. (HDR), HydroGeo Inc., MWH Americas Inc. (MWH, subsequently acquired by and 
merged with Stantec), and SPF Water Engineering, LLC (SPF). The finalized baseline study work 
plans, study reports, and supporting documents are provided under separate cover. 
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Figure 1-1. Site location map  

Source: (Midas Gold 2016).  
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Study Area Description and Project 
Overview 
This section provides a summary of the site setting, land use and access, historical mining overview, 
and the SGP Plan. 

2.1 Site Setting, Land Use, and Access  
The Study Area terrain consists of narrow valleys surrounded by steep mountains. Elevations along 
valley floors range from 6,000 to 6,600 feet above mean sea level (amsl). The surrounding 
mountains reach elevations greater than 8,900 feet amsl. The main drainage in the Study Area is the 
EFSFSR (Figure 1-3). The primary uses and activities in the Study Area have been mineral 
exploration, mining, logging, and dispersed recreation.  

The site can be accessed by U.S. Highway 55 from Boise to the towns of Cascade and McCall and then 
State, County and USFS roads to the site (Figure 1-1). During winter, the South Fork Road (FS 
474/674) is snowplowed and serves as the primary access from Cascade by traveling 24 miles 
northeast on Warm Lake Road (USFS 579/FH 22) to the intersection with South Fork Road, then north 
on South Fork Road for 32 miles to East Fork Road (USFS 412), then 16 miles east on East Fork Road 
to Yellow Pine, and 14 miles on Stibnite Road (USFS 412). 

During non-winter conditions (i.e., roads clear of snow), the SGP site can be accessed from Cascade 
by traveling northeast on Warm Lake Road (USFS road 579/Forest Highway [FH] 22) for roughly 36 
miles to Landmark, then north on Johnson Creek Road (USFS 413) for 25 miles to Yellow Pine, and 
14 miles east on Stibnite Road (USFS 412). The site can also be accessed from McCall during non-
winter conditions by traveling east on Lick Creek Road (USFS 412) for 35 miles to East Fork Road 
(USFS 412), then 15 miles to Yellow Pine, and 14 miles on Stibnite Road (USFS 412). 

2.2 Historical Mining Overview  
Prospectors first came to the District prior to and during the Thunder Mountain Gold Rush in the late 
1890s. During the next few years, the number of miners continued to grow and several operators, 
including United Mercury Mining Company and Bradley Mining Company (BMC), started working in 
the area. Two periods of major mining operations occurred in the 20th century: (1) one in the early 
1920s through the early 1950s and (2) another from the late 1970s through the mid-1990s. Details 
of the District history with historical photographs and detailed maps are included in Appendix D of 
the PRO (Midas Gold 2016). Legacy mine feature location details and a summary of past restoration 
activities are provided in the Hazardous Materials Baseline Study (HDR 2017c). A summary of the 
legacy mine features and activities is provided below. The general locations of the historical mine 
features are shown on Figure 2-1.  
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2.2.1 Mining History 
The following sub-sections summarize the mining history for two major mines (the Meadow Creek 
and Yellow Pine mines), a period during which the district was largely idle, and recent gold mining. 

Meadow Creek Mine 1927–1938 

The Meadow Creek Mine, located west of Meadow Creek in the southern part of the SGP area 
(Figure 2-1), was an underground mine that was initially opened in 1919 by Al Hennessy, J. J. 
Oberbillig, and J. L. Niday. It was optioned to F. W. Bradley in 1927—whose company BMC and 
affiliates operated there until 1938—producing gold, silver, and antimony from underground 
workings (Midas Gold 2016). 

In 1928, a new adit, known as the North Tunnel, was started approximately 1.5 miles north of the 
Meadow Creek Mine portal to follow the strike of the Meadow Creek Fault. In 1929, BMC began 
driving two long adits from the future Yellow Pine pit area: (1) the Monday Tunnel was driven 
southward following the Meadow Creek Fault, and (2) the Cinnabar Tunnel was driven eastward 
towards BMC’s mercury deposits. The locations of these adits are shown on Figures 2-1 and 2-2. 

 
Figure 2-2. Map and cross section of Meadow Creek and Yellow Pine Mine underground workings  

Source: (Midas Gold 2016). 
 

To support the mining activity, BMC (known at the time as the Yellow Pine Mining Company) built a 
saw mill to produce lumber for construction, and water retention dams and hydroelectric facilities to 
produce power for mine operations. In addition, an ore processing mill and air strip were constructed 
near the mine (Figure 2-1). Mill concentrates were shipped off site for smelting and refining; mill 
tailings were discarded in the area around the mill. BMC developed the North Camp on Fiddle Creek, 
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Monday Camp near the mouth of Midnight Creek, and various roads, tunnels, and camp facilities to 
support its mining operations (URS 2000).  

The Meadow Creek Mine operated six distinct underground levels with numerous drifts, crosscuts, 
raises, winzes, and stopes (Figure 2-2). It was shut down in 1937 to focus on ore production from the 
newly discovered Yellow Pine deposit to the north. 

Yellow Pine Mine 1937–1952 

The Yellow Pine Mine, located on the EFSFSR near Midnight Creek in the northern part of the Project 
Area (Figure 2-1), was first staked by Hennessy and later developed by BMC. Mining, primarily by 
open pit methods, began in 1937 and continued through 1952. A 3,500-foot-long tunnel, called the 
Bailey Tunnel, was constructed in 1942–43 to divert the EFSFSR around the Yellow Pine pit 
(Figure 2-1), replacing earlier (1938) surface ditches. Rock from the open pit was placed in dumps 
on both sides of and upstream and downstream of the pit during development (Bradley Rock Dumps 
on Figure 2-1). Gold, silver, antimony, and tungsten were the primary metals produced, with tungsten 
and antimony being particularly important strategic minerals to the U.S. government during World 
War II. Correspondingly, underground exploration for antimony and tungsten was conducted to the 
south for the U.S. Defense Mineral Exploration Administration (DMEA) by BMC through 1955 (Figures 
2-1 and 2-2). 

The Meadow Creek mill complex processed the Yellow Pine Mine materials, although crushing 
facilities were relocated to the Yellow Pine Mine open pit in 1945, and a gold-antimony smelter and 
stack were constructed next to the Meadow Creek Mill between 1948 and 1949. In 1949, BMC 
raised a dam that had been built on the East Fork of Meadow Creek for hydroelectric power to 
accommodate increased water demand at the new smelter.  

Tailings from the smelter were deposited in Meadow Creek Valley around the mill (referred to as 
“Bradley Tailings” in Figure 2-1). Upper and lower Meadow Creek flows were diverted around the 
tailings during this period. 

District Idle 1953–78 

Mining operations at the Yellow Pine pit ceased in 1952, and thereafter the Bailey Tunnel was 
abandoned and the EFSFSR allowed to flow over the south highwall and into the Yellow Pine Mine 
pit. Other than DMEA exploration through 1955, sporadic and limited contract milling (but not 
mining) by BMC from 1953-1958, and minor production of antimony from stibnite veins in the upper 
reaches of the future Garnet Pit area (Figure 2-1) during the 1960s by Oberbillig, relatively little 
activity took place in the District from 1953–78. During this period, however, diversions in Meadow 
Creek failed and the stream eroded a channel through the BMC tailings (a.k.a., Bradley tailings). The 
dam on the East Fork of Meadow Creek failed in 1965, releasing significant volumes of sediment 
into Meadow Creek. 

More Recent Gold Mining 1978–99 

After a period of exploration, Canadian Superior Mining Company (Superior) conducted a pilot-scale 
study for extracting gold from oxide deposits. (Superior completed several environmental baseline 
studies in 1978–79. These baseline studies, which were required by USFS, were used in an EIS that 
documented extensive environmental impacts resulting from BMC and its predecessors’ operations 
(USFS 1981). Thus, as part of the permit granted to Superior to operate, USFS required that 
extensive remedial efforts be undertaken by Superior to mitigate the historical environmental 
impacts, including some actions dictated specifically by government requests (such as stabilization 
of the tailings by placing spent ore on top). Superior and Twin River Developments formed a joint 
venture in 1982; constructed leach pads, ponds, a plant, and a process facility in the lower Meadow 
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Creek valley (called the “Superior leach pads” on Figure 2-1); and began seasonal open-pit mining 
from 1982–84 in the West End. Rock dumps was placed near the mining operations. Rinsed and 
neutralized spent leach ore was removed from the “on-off” leach pads and placed on top of the BMC 
tailings, forming the SODA. 

In 1985, Pioneer Metals Corporation (Pioneer) bought Superior’s interest in Stibnite and resumed 
mining at the site in 1986. Ownership was transferred several times in the late 1980s, with Stibnite 
Mines, Inc. (SMI) ultimately operating the previous Superior and Pioneer mine areas intermittently 
from 1991–96 (URS 2000; Midas Gold 2016). The legacy mine features in the West End are 
collectively referred to as the “SMI features” on Figure 2-1. 

During the same period, Hecla Mining Company (Hecla) mined gold oxide ore from the Homestake 
portions of the Yellow Pine deposit (northeast of the former Yellow Pine Pit in the northern part of the 
Project Area [Figure 2-1]), some materials from former benches in the main Yellow Pine Pit, and 
some of the former BMC-era stockpiles. Operations began in 1988, during which Hecla used the 
Superior/Pioneer heap leach facilities to leach historical BMC ore and development rock stockpiles 
from around the Yellow Pine Pit. In 1989, Hecla prepared a new heap leach facility on the site of the 
former BMC mill complex and processed ore there through 1992. In the late-1990s, Hecla’s heap 
leach processing facilities were decommissioned, the facilities removed, and the site reclaimed. 
However, the Hecla heap leach pad and pile were left in place. No new exploration or mining-related 
activity occurred in the Meadow Creek area until MGII began exploration work in 2009. 

2.2.2 Summary of Existing Legacy Mine Features 
The legacy mine features in the Project Area that currently exist can be grouped into three areas 
(Figure 2-1) from south to north for discussion: 
• South Area, where the Meadow Creek Mine and various processing facilities were located 
• Central Area, where mine support facilities and two mining operations (DMEA underground 

workings and Garnet Pit) were located 
• North Area, includes the Yellow Pine Mine and the West End deposits 

South Area. The southern area covers the Meadow Creek Mine underground workings, and the area 
of the former Meadow Creek Mill and Smelter. This area was used to process ore from all the mines 
in the area (Meadow Creek, Yellow Pine, West End, and Homestake). Current legacy features include 
tailings and spent ore in the SODA (Figure 2-1) in southern Meadow Creek valley, tailings from the 
mill and sediment in a former tailings pond near the former mill and smelter; and tailings and 
overlying heap leach pads and processing facilities operated by Superior/Pioneer and Hecla Mining 
Co in the northern part of the valley (Figure 2-1). The Superior/Pioneer and Hecla leach pads were 
lined with asphalt and geomembrane, respectively and the pads and portions of the piles remain.  

Central Area. The central area covers the area where general mine support facilities and the various 
camps were located. This area includes the former sawmill area, the pilot plant, equipment staging 
areas, Stibnite town site, SMI former man camps, old landfill area, and a rock dump from the DMEA 
adit (Figure 2-1). 

North Area. The northern area consists of the Yellow Pine Pit—which currently includes a pit lake 
through which the EFSFSR flows—Hecla’s Homestake Pit to the northeast of the Yellow Pine Pit, and 
rock piles to the northwest, northeast, and to the southeast of the pits (referred to as the “Bradley 
Rock Dumps” on Figure 2-1). The North Area also includes the West End pit, West End extension pit 
(also referred to as the Stibnite Pit), SMI Northeast Pit, the SMI Midnight Pit, and the SMI Southeast 
Extension Pit. Rock piles at West End are referred to as the “Upper West End Dump” and “Lower 
West End Dump” on Figure 2-1. 
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2.3 Stibnite Gold Project Plan of Restoration and Operations 
The SGP consists of two primary components: (1) restoration of the majority and largest of the legacy 
impacts from historical mining activities and (2) redevelopment of open-pit mining and reclamation 
of the three primary ore deposit areas (Yellow Pine Pit in the north area, West End Pit in the 
northeast area, and Hangar Flats Pit in the southern area). The anticipated life of the SGP is 
approximately 20 years, including approximately 3 years for site cleanup, infrastructure construction, 
and early restoration activities; 12 to 15 years for operations; and 2 to 3 years for final closure and 
reclamation work. 

Details of the proposed plan are provided in the PRO (Midas Gold 2016). Primary mine 
redevelopment features are shown on Figure 2-3. A summary of the PRO is provided below.  

2.3.1 Infrastructure Development 
An important aspect of the SGP is the infrastructure necessary to support and sustain the proposed 
restoration, development, mining, and milling operations. Early infrastructure development will 
include construction of a tunnel around the Yellow Pine pit to separate the EFSFSR from future 
mining and allow fish to migrate up the EFSFSR during mine operations (further described below), 
and development of an ore processing facility and associated tailings storage facility (TSF) to process 
legacy tailings and new ore. Support facilities will include employee housing and recreation buildings, 
an administrative office, a mobile equipment maintenance shop, warehouse and storage areas, 
water storage and distribution facilities, power substation and distribution, communication 
infrastructure, explosives storage, sanitary and solid waste handling facilities, roads, and other 
facilities necessary for operations and exploration (Figure 2-3). Efforts will be made to place the new 
facilities in areas already disturbed by previous mining activities. 

2.3.2 Restoration 
Initial phases of the SGP will be focused on maximizing restoration of fish habitat, re-establishing 
forest cover, and maximizing reuse of historically impacted areas. Early restoration activities will be 
to remove the water from the Yellow Pine pit lake where the current condition prevents fish passage 
up the EFSFSR, and to temporarily reroute the river through a tunnel around the pit area until 
backfilling and reclamation of the existing and future open pit can be performed to completely 
restore a more natural waterway.  

The Yellow Pine pit bypass tunnel is called the “EFSFSR Tunnel” on Figure 2-3, will be 0.8-mile long, 
and will have the capacity to handle the 500-year flood event. It will feature a low-flow channel sized 
to support fish passage. Lighting will be installed in the tunnel to promote and encourage passage of 
migrating salmon, steelhead, and trout. 

MGII also plans to re-mine and reprocess the legacy tailings that were deposited in the Meadow 
Creek valley. The legacy tailings are located under the SODA in Meadow Creek valley. The spent heap 
leach ore will be removed and reused for construction purposes. The tailings will then be removed, 
mixed with water reclaimed from the tailings facility, and transported via pipeline to the new ore 
processing plant located in the central part of the SGP area. Removal of the SODA and underlying 
legacy tailings will be accomplished early in the SGP schedule to remove a potential source of metal 
leachate to water resources and provide a more stable foundation surface for the Hangar Flats 
Development Rock Storage Facility (DRSF) (Figure 2-3). 

The legacy mine features restoration plan includes: 
• Providing the tunnel around the current Yellow Pine pit to keep the EFSFSR separate from future 

mining activities, and facilitate fish passage 
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• Repairing the East Fork of Meadow Creek downstream of the historical dam failure to improve 
functionality and reduce sediment delivery into Meadow Creek and the EFSFSR 

• Remove and reprocess legacy tailings 
• Reuse legacy development rock and spent ore for construction material 
• Remove any contaminated materials encountered during SGP construction or operation 

2.3.3 Operations 
Mine operations will include open-pit mining in the three previously mined areas (Figure 2-3):  
• The Yellow Pine open pit will encompass the area of the former Yellow Pine Pit, Homestake Pit, 

and portions of the BMC rock dumps 
• The West End open pit will encompass the former SMI open pits and SMI lower west end dump 
• The Hangar Flats open pit will encompass the former underground Meadow Creek Mine area, 

Hecla heap, and adjacent mill and smelter area 

Although there will be overlap in the mine redevelopment and operations phasing, the general 
sequence of mining will be the Yellow Pine deposit first, Hangar Flats deposit second, and the West 
End deposit third.  

Development rock will be stored in fully engineered and designed facilities proximal to the mine pits:  
• The Fiddle DRSF will be in the Fiddle Creek valley, and will store development rock generated by 

mining the Yellow Pine open pit 
• The West End DRSF will store development rock from the West End open pit that is not used to 

backfill the Yellow Pine open pit 
• The Hangar Flats DRSF will store the development rock from the Hangar Flats open pit 

Ore will be transferred to the Process Plant Area and stored in a fully engineered and designed 
facility next to the crusher at the plant. It will be crushed and processed at the plant; the gold and 
silver will be recovered and formed into bars; antimony-silver concentrates will be shipped offsite for 
refining. 

Tailings are the finely ground materials that remain after the metal-bearing minerals have been 
extracted from the ore. Thickened and neutralized tailings will be transferred from the ore processing 
plant via pipeline as slurry to the TSF in Meadow Creek valley (Figure 2-3). The TSF will include an 
embankment composed of development rock and legacy spent ore, a fully lined impoundment, and 
ancillary water management features.  

The overlay of the legacy mine features on the proposed mine layout (Figure 2-4) demonstrates that 
most of the legacy mine impacts in the Project Area will be addressed during mining. 
  

I Brown ANo Caldwell I 



Stibnite Gold Project | Water Resources Summary Report Section 2 

 

 2-8 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

 
Figure 2-3. Proposed SGP mine features  

Source: (Midas Gold 2016). 
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2.3.4 Final Restoration and Reclamation 
The SGP includes a 2- to 3-year final closure and restoration period after mining is complete. This 
work will include the following: 
• Final recontouring of the Yellow Pine pit to reestablish a natural riverine flow system for 

permanent fish passage on the EFSFSR 
• Closing and decommissioning of the new ore processing facilities upon conclusion of operations 
• Removal of surface facilities and infrastructure (except where selected facilities will benefit 

future activities) 
• Re-contouring of artificial landforms to blend more naturally into the landscape 
• Repair, replace, establish, and enhance wetland/riparian habitat throughout the SGP area 
• Replacing growth medium material 
• Establishing a productive and sustainable vegetative community on areas disturbed by SGP and 

historical mining activities 

The objective of the restoration work is to establish a sustainable fishery with enhanced habitat to 
support natural populations of salmon, steelhead, and bull trout; improve water quality; establish a 
productive and sustainable vegetative community; and enhance wildlife habitat. An illustration of the 
final restoration and reclamation plan is provided in Figure 2-5.  
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Figure 2-5. Conceptual mine restoration  

Source: (Midas Gold 2016). 
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Baseline Study Development 
Baseline study reports have been developed for the SGP in support of USFS NEPA activities. These 
studies provide a baseline for surface water and groundwater conditions against which potential 
future impacts from mine construction, operation, and closure can be evaluated. The primary 
baseline studies pertinent to this WRSR include geology, surface water hydrology, surface water 
quality, groundwater hydrology, and groundwater quality. 

The baseline study work plans were discussed with and reviewed by Agency staff. Written approvals 
were received for the surface water hydrology, surface water quality, and groundwater hydrology 
work plans (PAF 2013). The baseline studies used to prepare this WRSR are listed in Table 3-1 and 
summarized below. Copies of the baseline study reports are provided electronically.  

3.1 Geology 
The Geology and Soils Baseline Study Work Plan was developed for use in conducting field activities 
for the baseline study (MWH 2012a). The Geological Resources Baseline Study report was 
developed to characterize existing conditions for geologic resources including stratigraphic, 
structural, mineral, paleontological, and geomorphologic conditions identified within the Study Area 
(Midas Gold 2017). These reports were used to document geologic conditions prior to mining and 
ancillary processing operations at the SGP site.  

3.2 Surface Water 
For surface water hydrology, the primary sources of information are the Draft Surface Water 
Hydrology Baseline Study Work Plan, the Hydrology Field Survey report, and the Surface Water 
Hydrology Baseline Study report (HydroGeo, Inc. 2012a, 2012b, 2012c). 

These documents were prepared to characterize the existing surface water hydrology conditions in 
the Study Area prior to mining. The Surface Water Hydrology Baseline Study report includes a 
compilation and review of existing background information that served as the starting point for the 
study, as well as discussions on climatological data, precipitation frequency, and watershed 
characteristics (HydroGeo, Inc. 2012c). It includes drainage characteristics and peak flow analysis, 
as well as a summary of the seeps and springs identified by the Hydrology Field Survey (HydroGeo, 
Inc. 2012b). A summary of the literature review that was conducted for the study is included in the 
report, noting that surface water flow monitoring has occurred in the District since 1928.  

For surface water quality, the primary sources of information are the Surface Water Quality Baseline 
Study Work Plan; the Quality Assurance Project Plan and Surface Water Quality Sampling Plan 
(QAPP-SWQSP) documents for years 2013–14, 2015, and 2016; and the Surface Water Quality 
Baseline Study report (HDR 2017a). The Surface Water Quality Baseline Study report includes 
surface water quality data collected from April 2012 to February 2016. It provides an overview of the 
Study Area; briefly reviews relevant previous studies; defines the applicable regulatory environment; 
summarizes the methodology used to characterize the existing surface water quality resources; and 
describes the data reduction, analysis procedures, and monitoring results. As noted in this report, 
surface water quality monitoring has occurred in the District since the late 1970s. A detailed 
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discussion of the monitoring program, including the locations of sampling points and sampling 
frequency, is provided in Section 7. 

3.3 Groundwater 
For groundwater hydrology, two groundwater hydrology baseline documents were prepared for this 
project: Groundwater Hydrology Baseline Study Work Plan and Final Groundwater Hydrology Baseline 
Study (MWH 2012b; SPF 2017).  

The Groundwater Hydrology Baseline Study Work Plan defines the objectives and approach of the 
baseline study (MWH 2012b). The Final Groundwater Hydrology Baseline Study characterizes existing 
conditions and describes the groundwater hydrology in the SGP Study Area to support the USFS EIS 
(SPF 2017).  

For groundwater quality, several groundwater quality baseline study work plans were developed for MGII 
(MWH 2012c, 2014a, 2016). In addition, several corresponding QAPP-GWQSP documents were 
prepared (MWH 2012d, 2013, 2014b, 2015). These plans defined the objectives and approach of the 
study. The QAPP-GWQSP was initially developed to specifically define the data type, quantity, and quality 
needed to meet the study objectives, and to establish field investigation procedures and protocols to 
collect the data (MWH 2012d). The subsequent work plans and QAPP-GWQSPs underwent several 
iterations of development, review and revision, and approval to reflect changes in sampling sites and 
protocols.  

The Groundwater Quality Baseline Study was conducted to characterize existing groundwater quality 
prior to the start of mining operations at the SGP site. Although baseline sample collection is ongoing, 
the Groundwater Quality Baseline Study report and this WRSR only encompass data collected from 
September 2012 through March 2016 (HDR 2016b). A detailed discussion of the monitoring program, 
including the locations of wells and sampling frequency, is provided in Section 8. 
 

Table 3-1. Geology and Water Resources Baseline Studies  

Baseline Resource Baseline Study Documents 

Geology 
Geology and Soils Baseline Study Work Plan for Golden Meadows project (MWH 2012a) 

Geological Resources Baseline Study (Midas Gold 2017) 

Surface water hydrology 

Draft Surface Water Hydrology Baseline Study Work Plan (HydroGeo, Inc. 2012a) 

Hydrology Field Survey (HydroGeo, Inc. 2012b) 

Surface Water Hydrology Baseline Study (HydroGeo, Inc. 2012c) 

Summary of Project Wetland Resource Baseline Studies 2011–2016 Technical Memorandum (HDR 2017b) 

Surface water quality 

Surface Water Quality Baseline Study Work Plan (HDR 2012) 

QAPP-GWQSPs (HDR 2014, 2015, 2016a)  

Surface Water Quality Baseline Study (HDR 2017a) 

Summary of Project Wetland Resource Baseline Studies 2011–2016 Technical Memorandum (HDR 2017b) 

Groundwater hydrology 
Groundwater Hydrology Baseline Study Work Plan (MWH 2012b) 

Final Groundwater Hydrology Baseline Study (SPF 2017) 

Groundwater quality 

GWQSPs (MWH 2012c, 2014a, 2016)  

QAPP-GWQSPs for Golden Meadows project (MWH 2012c, 2013, 2014b, 2015) 

Groundwater Quality Baseline Study (HDR 2016b) 
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Climate 
This section summarizes the general climate of the Study Area and estimates of precipitation and 
temperature.  

4.1 General Study Area Climate 
The climate of the Study Area is influenced by local patterns of wind, precipitation, and temperature 
influenced by topography, slope aspect, and elevation. The topography of the area is characterized 
by steep slopes and formerly glaciated valleys in the high mountains. Relief across the Study Area is 
nearly 2,900 feet, with elevations ranging from roughly 6,050 to 8,950 feet amsl (Figure 1-3). 
Elevations in the Project Area range from roughly 6,050 to 7,640 feet amsl at Cinnabar Peak 
(Figure 4-1). 

The Study Area experiences wide annual and diurnal variations in temperature and humidity. During 
winter, storms typically move through the region resulting in snowfall accumulations of 2 feet or 
more. Cloudy and unsettled weather is common during the winter with measurable precipitation 
occurring on about one-third of the days (Stantec and Trinity Consultants 2017). 

Spring months are normally wet and windy with weather conditions fluctuating quickly. Afternoon 
temperatures in the 30s or 40s (degrees Fahrenheit [°F]) with precipitation in the form of rain or 
snow may occur interspersed with periods of sunny skies and afternoon temperatures in the 50s or 
60s (°F). Low elevation snow pack usually melts quickly during the spring, but high elevation snow 
pack can persist into June or later (Stantec and Trinity Consultants 2017).  

Although snowmelt may take 1 month or more in the Study Area, summer weather may begin 
suddenly with a rapid change to warm and dry weather. Although daytime temperatures are usually 
warm by June, chilly nights can persist throughout the summer. Showers are common from late 
spring through summer with an increased frequency surrounding regional high terrain. These storms 
often produce localized precipitation. Afternoon temperatures often rise into the 80s (°F); however, 
low humidity usually results in overnight temperatures in the 50s (°F) or even cooler (Stantec and 
Trinity Consultants 2017).  

Autumn has cooler weather with daytime highs generally in the 60s (°F) in early fall, dipping into the 
mid-30s (°F) by mid-November with generally dry conditions, except for the first of the progressive 
winter storms. The first cold wave with highs below 20°F and lows around 0°F or lower may arrive 
any time between late November and late December (Stantec and Trinity Consultants 2017). 

The winds in the Study Area follow the traditional up and down valley flow patterns expected in 
mountain valleys. During the spring months, periods of high winds may persist for days at a time. 
Winds have a strong tendency toward northeast directionality. Speeds vary widely but tend to be 
strongest from the southwest (Stantec and Trinity Consultants 2017).  

Slope aspect is the compass direction that a slope faces. In the Idaho Batholith, slopes below 
6,500 feet exhibit steeper north-facing aspects, whereas steeper south-facing aspects are dominant 
above 6500 feet. In general, with a few exceptions, the main area of proposed infrastructure is 
consistent with this model. The main EFSFSR valley floor is around 6,400 feet in elevation and the 
tributary valleys—which are at higher elevations like Meadow Creek, Fiddle Creek, Hennessy Creek, 
and Sugar Creek—all show a strong and pronounced asymmetry with steeper south-facing slopes 
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(Midas Gold 2017). South-facing slopes are more open to sunlight and warm winds, and are thus 
generally warmer and dryer because of the higher levels of evapotranspiration compared to steep 
north-facing slopes.  

  

I Brown ANo Caldwell I 

https://en.wikipedia.org/wiki/Evapotranspiration


Basemap: Aerial photo, 2015
Topography: Midas Gold Lidar

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig4-1_SiteTopography_1500scale_11x17_20170601.mxd

Hennessy Creek

Fid dle Creek

West End Creek

Meadow Creek

Garnet Creek

Sugar Creek

Ra
bbi

t C
ree

k

Eas t Fork South
Fork Salmon River

Ea st For kMe ad ow
Cr eek

Midnight Creek

8700

8600

8500

8400

8300

8200

8000

780077
00

76
00

75
007000

6800
670066

00

65
00

7400
7300
7200
7100

6900

64
00

8000

7800
7700

7600

7500

7400

7300

7200

7100

7000

6800
6700

6600
6500

6300
6200

8000
7900

7700
760075007400

7200
71007000690068006700

8300

820
0

810
0

70006900
6700

6500

62006100

68
00

6300

7900
7800

7700
7600

7300
72007100

70006900

7800

7600

7100
7000

6900

7200

6800

6900

6600
6500
640063006200

6100
6000

68
00

67
00

8300
8100

8000

7600

7500

7400
7300

7900

7700

79
00

780
0

770
0

75
00

74
00

73
00

78
0077

00
7500

68
00

66
007000

6900

8000
7900
7800

76007500

7800
7700
7600
7500

74007100

8100
8000

7900

78007700

7800

7600

79
00

770
0

7600

7700

7600

86008500

8100

7900

8000

7900

6900
6800

6500
6400
6300

8300

8200

8200

8100

8200
8100

7900
7800

7700

7500

7700
7600

7500
7400

7400
7300

7200

7100

6700
6600

82
00

81
00

6000

5900

7300

7400

80
00

76
00

73
00

7800

750
0

8100

7000

6800

8400

8000

7800

7700 7600

7600

7400

7300

7100

6900

6500

6400
6400

6200

62
00

8100

81
00

8000
79

00

78
00

7500

7400

7200

7200

7000

65
00

65
00

63
00

6300

2730000

2730000

2735000

2735000

2740000

2740000

11
75

00
0

11
75

00
0

11
80

00
0

11
80

00
0

11
85

00
0

11
85

00
0

11
90

00
0

11
90

00
0

Project No: 150691

Client: Midas Gold

Date: June 2017

0 1,500 3,000

Feet ¯

Legend

Project Area

Elevation Contours

Index 100 ft

Intermediate 20 ft

Figure 4-1
Local Detailed Topography

Water Resources Summary Report
Stibnite Gold Project

~~~ ~ I;~;~_-_:;;:-~~ 

I Br·own .· ! 
Catc1wcli i 



Stibnite Gold Project | Water Resources Summary Report Section 4 

 

 4-4 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

4.2 Precipitation and Temperature Estimates 
In 2013, Tierra Group International, LTD (Tierra) conducted a review of available climatology data for 
the Study Area to provide estimated climatological parameter values for upcoming surface water and 
groundwater modeling work. Because of the lack of site-specific climatological data available for the 
site to determine long-term trends, Tierra recommended using the regional-scale analysis performed 
in the Parameter-elevation Regressions on Independent Slopes Model (PRISM) developed by the 
climate group of the Northwest Alliance for Computational Science & Engineering (Tierra 2013). 
PRISM is considered to provide reliable estimates of temperature and precipitation for the region 
because it incorporates data from nearby National Weather Service and Snow Telemetry (SNOTEL) 
monitoring stations, which are adjusted for local topographic and orographic effects (Tierra 2013). 

Tierra determined that 800-meter-resolution PRISM data available through Oregon State University 
represented the best data set for the estimation of monthly average precipitation and temperature at 
the Study Area. The 800-meter-resolution PRISM data set is available for two averaging periods: 
1971 to 2000, and 1981 to 2010. Tierra recommended using the 1981 to 2010 data set as it is the 
most recent. Lacking site data for comparison to the 800-meter-resolution PRISM data, Tierra 
compared the 800-meter-resolution PRISM data with average precipitation for the nearby Secesh 
Summit SNOTEL site, located approximately 35 miles northwest of the Study Area and at a similar 
elevation. The SNOTEL and PRISM data compared favorably in most months and at the annual time 
scale, confirming the appropriateness of the PRISM data for use at the study area. Table 4-1 lists the 
recommended precipitation averages within the Study Area based on the 800-meter-resolution 
PRISM data (Tierra 2013).  

Tables 4-1 and 4-2 show the estimated average monthly precipitation and temperature values using 
the 800-meter-resolution PRISM data, as reported by Tierra in 2013. Figures 4-2 and 4-3 show color 
flood maps of the average annual precipitation and annual temperature, respectively, using the 
averaging period from 1981 to 2010. 
 

Table 4-1. Estimated Average Monthly Precipitation for the Study Area 

Month Average Precipitation from 800-meter PRISM Data (inches) 

January 4.11 

February 3.32 

March 3.53 

April 2.98 

May 2.58 

June 2.14 

July 0.95 

August 0.97 

September 1.81 

October 2.10 

November 3.71 

December 3.99 

Annual 32.19 

Source: (Tierra 2013). 
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Table 4-2 shows the average, minimum, and maximum monthly estimated temperatures using the 
800-meter-resolution PRISM data. The estimated average temperature is approximately 36°F with a 
maximum and minimum of 18°F to 58°F. Temperature data showed maximum annual high 
temperatures occurring during July or August, while minimum annual low temperatures occur in 
December or February. 
 

Table 4-2. Estimated Average Monthly Temperature for the Study Area 

Month 
Average Temperature using 800-

meter PRISM Data (°F)  
Minimum Temperature using 800-

meter PRISM data (°F)  
Maximum Temperature using 
800-meter PRISM data (°F)  

January 20.10 10.67 29.52 

February 21.75 9.84 33.66 

March 27.68 15.33 40.03 

April 32.89 20.50 45.27 

May 40.69 27.73 53.65 

June 48.73 33.85 63.61 

July 58.05 41.31 74.79 

August 56.47 39.18 73.76 

September 48.70 32.76 64.63 

October 39.18 25.97 52.39 

November 26.34 17.02 35.65 

December 18.82 9.28 28.36 

Annual 36.61 23.61 49.60 

Source: (Tierra 2013). 
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Geology 
Geologic data have been generated from exploration and studies in the region during the past 
approximately 90 years from previous operators, as summarized in Section 2.2.1. MGII has drilled 
more than 500 exploratory holes to further understand the geology and mineralization. During the 
last few years the Idaho Geological Survey (IGS) has collaborated with Midas Gold, culminating in 
publication of the geologic map of the Stibnite quadrangle (Stewart et al. 2016) (provided in 
Appendix A). The detailed geology with detailed descriptions and an extensive reference list are 
provided in the SGP Geological Resources Baseline Study report (Midas Gold 2017). This section 
provides a summary of the geology presented in that study. 

5.1 Geologic Units 
The rocks in the Study Area can be subdivided into four primary groups based on age, lithology, and 
stratigraphic relationships. They include, from oldest to youngest: 
1. Neoproterozoic to Ordovician metasedimentary rocks 
2. Cretaceous Idaho Batholith 
3. Tertiary intrusions and volcanics of the Challis Volcanic Field 
4. Quaternary sedimentary deposits 

These four major rock groups are described below. The individual map units with lithologic 
descriptions are summarized in Table 5-1, with BC’s rough estimates of relative permeability added 
based on lithologic descriptions. A stratigraphic column for the metasedimentary rocks from MGII is 
provided as Figure 5-1. A local IGS geologic map and cross section is provided as Figures 5-2 and 
5-3 (Stewart et al. 2016). A regional-scale geologic map is provided as Figure 5-4 (Stewart et al. 
2016).  

Pre-Cretaceous Metasedimentary Rocks. Upper Neoproterozoic to Ordovician metasedimentary 
rocks form a roof pendant in the Idaho Batholith (a mass of older rock that projects downward into 
and is entirely surrounded by an igneous intrusion). These metasedimentary units may be correlative 
with the Windermere Supergroup (Stewart et al. 2016). A stratigraphic column of the 
metasedimentary rocks is provided as Figure 5-1, which also schematically illustrates younger 
Cretaceous-Tertiary intrusive igneous rocks. These units are exposed in and southeast of the West 
End and Yellow Pine pit areas (Figure 5-2) and include various metamorphosed carbonate and 
siliciclastic rocks. The pre-metamorphic sedimentary rocks (i.e., protoliths) include limestones and 
dolomites (now dolomitic marbles), thin to thick bedded calcareous siltstones and sandstones (now 
thick- to thin-compositionally banded calc-silicate rock and calcareous siltites), clean quartz 
sandstones, and pebbly conglomerates (now quartzites). These rocks host the West End deposit. 

Cretaceous Idaho Batholith. Cretaceous igneous rocks of the Atlanta lobe of the large Idaho 
Batholith surround and underlie the roof pendant. These rocks host the Hangar Flats deposit and 
parts of the Yellow Pine deposit and underlie much of the rest of the District. The igneous rocks 
include dioritic to granitic compositions. 

Tertiary Igneous Rocks. Tertiary volcanic and intrusive rocks are associated with the Thunder 
Mountain Caldera of the larger Challis Volcanic Field, the bulk of which is located northeast of the 
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District. Some Tertiary Challis-related intrusives occur in the District—including rhyolite dikes, latite 
and trachyte porphyries, and diabase dikes—most of which are associated with fault zones. 

Quaternary Sedimentary Deposits. Quaternary unconsolidated deposits in the Study Area include the 
following: 
• Terrace gravels and alluvial fans  
• Glacial deposits known as till (materials transported and deposited by glaciation) 
• Alluvial deposits, which are sediments deposited by flowing water (streams or rivers, known as 

fluvial systems) 
• Colluvial materials (related to in situ soil developed on weather bedrock)  
• Landslide materials (those related to slope movement of materials)  

In the SGP area, glacial moraines occur in the larger valleys (masses of rocks and sediment carried 
down and deposited by a glacier, typically as ridges at its lateral edges or extremity). Lateral 
moraines are present along the sides of Meadow Creek and the EFSFSR. Alluvial deposits consist of 
primarily reworked glacial materials, and are generally confined to narrow ribbons in the middle of 
the valleys—for example, near the confluence of Meadow Creek and the EFSFSR (see Figure 5-2). 
Additional details on the geomorphology and its influence on groundwater flow and the locations of 
seeps and springs will be provided in Sections 7 and 8. Man-made ground includes mine dumps, 
tailings piles, spent ore piles, and disturbed glacial and stream deposits. 
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Table 5-1. Study Area Stratigraphy  
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Figure 5-1. Stratigraphic column of the metasedimentary rocks  

Source: (Midas Gold 2016). 
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Figure 5-2. Local geologic map  

Source: (Stewart et al. 2016). 
Note: See Figure 5-3 for legend and Appendix A for coordinates. 
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Figure 5-3. Local geologic map legend and cross section  

Source: (Stewart et al. 2016). 
Note: See Table 5-1 for lithologic descriptions. 
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Figure 5-4. Yellow Pine/Big Creek District geologic map  

Source: (Stewart et al. 2016). 
Note: Stibnite Geologic Quadrangle outline in white.
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5.2 Structural Geology 
Several major regional-scale structural features are present in the vicinity of the Study Area, with four 
dominant structural trends:  
• Ancient northeast trending compression resulted in northwest–southeast trending folds and low 

angle thrust and strike-slip faults in the metasedimentary rocks 
• Northeast–southwest trending high angle reverse, normal, and strike slip faults that cut through 

the metasedimentary rocks and Cretaceous plutonic rocks but predate the Challis Group  
• Northwest–southeast trending normal faulting that forms the caldera complex bounding fault in 

the northeast part of the Study Area 
• Young northeast–southwest trending normal faults that postdate the Tertiary Challis Group 

volcanics, including the Big Creek Graben 

5.2.1 Folds 
Two large map-scale folds with numerous smaller subsidiary fold structures have been mapped in 
the metasedimentary roof pendant within the Study Area (see Figure 5-2). The largest fold in the SGP 
area is the Garnet Creek Syncline, which is clearly displayed in the local geologic cross section (see 
Figure 5-3). It is a 3.5-mile-long, northwest-trending, 1-mile-wide doubly plunging syncline, overturned 
to the southwest (Stewart el al. 2016). The other fold has an antiformal structure, is located 
northeast of the Garnet Creek Syncline, and is present on the opposite side of the Cinnabar Peak 
Thrust Fault. 

5.2.2 Faults  
The folds in the Study Area are cut by several major local- to regional-scale fault zones that offset the 
previously folded stratigraphic section. The most pronounced offsets occur along the northeast 
trending Fern Fault in the southeastern portion of the roof pendant, and along the Meadow Creek 
Fault, which truncates the roof pendant at its northwestern end (see Figure 5-2) (Stewart et al. 
2016).  

Numerous high-angle faults present in the area are believed to have directed some of the 
hydrothermal fluids and subsequent mineralization. Some of the faults are regional in nature, others 
appear more local. A summary of the major faults in the Study Area is provided in Table 5-2. 
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Table 5-2. Summary of Faults in the Study Area 

Name Type Dip Strike Width Location Notes 

Meadow Creek 
Fault Zone 

Right lateral and 
apparent high 
angle reverse 

Steep and 
variable; average  

Northern area: 
northeast–
southwest; 
southern area: 
north–south 

Average: 
100'; up to 
200' of gouge 
and breccia 

Marks western 
boundary of roof 
pendant 

Dominant structure in 
area; not a single fault 
but a braided network 
of structural zones 

West End Fault 
Zone 

Right lateral and 
normal 

50°–75° 
southeast 

North–northeast 
to south–
southwest; 30° 
azimuth 

100'–295' Near western edge 
of roof pendant 

Major structure with 
several east–northeast 
trending splay faults 

Cinnabar Peak 
Fault 

Original thrust; 
currently appears 
as steep normal  

Subparallel to 
bedding; dips 
steeply to 
northeast 

Northeast–
southeast 
through the 
center of the 
roof pendant 

50'–100' Parallel to the axis 
of the Garnet Creek 
Syncline 

Recognized by 
juxtaposition of 
stratigraphic units 

Hennessy Shear 
Zone 

Likely right lateral 
and possibly 
normal 

Likely vertical Northeast-
southwest 

15’ – 75’ Beneath Hennessy 
Creek and bounds 
west side of Yellow 
Pine deposit 

Not exposed and only 
known from legacy and 
MGII drilling 

Scout Valley Fault 
Zone 

Uncertain Steep to both east 
and west 

North–south 10'–250' General vicinity of 
the north–south 
orientation of the 
EFSFSR in the 
central area 

No surface expression; 
primarily identified in 
boreholes and 
geophysics; includes 
east–west and 
southwest–northeast 
trending subsidiary 
faults 

Garnet Creek Fault 
Zone 

Left lateral and 
normal 

Steep to west Northeast–
southwest 

50'–100' Near former Garnet 
Creek open pit 

Poorly exposed 

Rabbit Creek Fault 
Zone 

Uncertain Uncertain Northeast–
southwest 

Uncertain Southeast of Garnet 
Deposit adjacent to 
Rabbit Creek 

Not well exposed, 
based on geophysical 
surveys and soil and 
rock sampling 

Fern Fault Normal and left 
lateral 

Steep to the 
northwest 

Northeast–
southwest 

10' ≥ 100' Southeastern 
portion of area 

Offsets the axis of the 
Garnet Creek Syncline 

Source: (Midas Gold 2017). 
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Water Quality Standards 
This section provides a summary of the surface water and groundwater quality standards or criteria, 
respectively from IDAPA 58.01.02 and 58.01.11, that were used to compare analytical results 
generated during the baseline water quality monitoring programs conducted between 2012 and 
2016. The discussion and use of water quality standards and criteria in this report is for technical 
analytic purposes and should not be interpreted to include any legal or regulatory compliance 
conclusions, or to suggest that any sampling point or other location is a discharge or other regulatory 
point of compliance. Unless otherwise specifically noted, numeric or other water quality standards or 
criteria referenced in the analysis are the most restrictive standard or criterion identified as 
potentially applicable or relevant. 

6.1 Surface Water Quality Standards  
The Clean Water Act (CWA) is generally administered and overseen by the EPA and regulates surface 
water quality and pollutant discharge into waters of the United States under Section 303(c) of the 
CWA. The Idaho Water Quality Standards Program is a joint effort between IDEQ and EPA for 
implementation of the CWA. IDEQ is responsible for adopting and enforcing water quality standards 
that protect beneficial uses. EPA develops recommended criteria, regulations, policies, and guidance 
to help Idaho implement the Idaho Water Quality Standards Program and to ensure that Idaho's 
adopted standards are consistent with the requirements of the CWA and relevant regulations (IDEQ 
2017). 

Idaho water quality standards for surface water can be found in IDAPA 58.01.02 (IDAPA 2017a). Per 
the Idaho Administrative Code, streams and lakes are classified by designated beneficial use. The 
designated beneficial use determines the water quality standards applicable to the water body. If 
more than one beneficial use is designated for a water body, the most stringent standard applies. 
Beneficial uses may include the following:  
• Cold or warm water aquatic life 
• Salmonid spawning 
• Primary or secondary contact recreation 
• Domestic, agricultural, or industrial water supply 
• Wildlife habitat 
• Aesthetics 

Criteria for cold water aquatic life and primary or secondary contact recreation are applicable for 
undesignated water bodies. Federal drinking water standards set by EPA apply for water bodies 
designated as domestic water supplies. 

Idaho surface water quality standards are divided into two broad categories based on the designated 
beneficial use: (1) human health and (2) aquatic life, with the aquatic life standards generally being 
the most rigorous. The human health standards are divided into consumption of water and 
organisms or the consumption of organisms only. The aquatic life standards are also divided, based 
on the duration of exposure, and include acute exposure and chronic exposure criteria. Criteria 
Maximum Concentration (CMC) is the highest concentration that aquatic life can be exposed to for a 
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1-hour (i.e., acute) period without deleterious effects. Criteria Continuous Concentration (CCC) is the 
highest concentration that aquatic life can be exposed to for an extended (i.e., chronic) period.  

Cold water aquatic life standards are based on dissolved concentrations, with the exceptions of 
criteria for selenium, ammonia (NH3), and turbidity. The standard for selenium is based on total 
recoverable concentration. Standards for ammonia and turbidity are based on total concentration. 
The standard for ammonia is temperature- and pH-dependent. Turbidity is measured in 
nephelometric turbidity units (NTU) and is not to exceed 50 NTU above background instantaneously 
or 25 NTU for more than 10 days. Cadmium, chromium (III), copper, lead, nickel, silver, and zinc 
standards are hardness-dependent and calculated per equations provided in IDAPA 58.01.02 (IDAPA 
2017a). 

In addition to the surface water quality standards listed in IDAPA 58.01.02, Section 303(d) of the 
CWA provides for each state to identify and rank by priority waters that do not meet applicable water 
quality standards (known as the 303[d] list) for subsequent development of a total maximum daily 
load (IDAPA 2017a). A total maximum daily load determines the maximum amount of a pollutant 
allowed in a water body and allocates that total amount between its sources to restore the water 
body to its beneficial uses by meeting applicable water quality standards. Section 7 provides a 
discussion on the water bodies within the Study Area that have designated beneficial uses and 
causes of impairment included in the 303(d) list. 

Because multiple resource and regulatory agencies will be part of the permitting process with 
respect to regulations relevant to surface water quality, samples were collected for analytes that 
could be of interest to one or more agencies, as listed in Table 6-1. HDR noted in its Surface Water 
Quality Baseline Report that not all water bodies needed to comply with all the standards listed in 
Table 6-1 (HDR 2017a). Table 6-1 serves to provide a comprehensive list of all the potential water 
quality standards that may be applicable in the Study Area. Section 7 provides a summary of the 
specific water quality standards identified as relevant to each specific body of water in the Study 
Area. 
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Table 6-1. Surface Water Analytical Suite and Relevant Surface Water Quality Standards 

Analyte Analytical 
Method Units 

Method 
Reporting 

Limit 

Idaho Surface Water Standards a EPA Drinking Water 
Standards 

National Recommended 
Water Quality Criteria for 
Freshwater Aquatic Life e 

Cold Water Biota b 
Standards for Human 

Health 
Based on Consumption of: General/ 

Other Criteria Primary c Secondary d 
CMC 

(acute) 
CCC 

(chronic) 
Water and 
Organisms 

Organisms 
Only 

Major Ions/Nutrients/Wet Chemistry 
Alkalinity SM2320B mg 

CaCO3/L Calculated — — — — — — — > 20 

NH3 EPA350.1 mg/L as 
NH3 0.01 — — — — — — — — 

Chloride EPA 300.0 mg/L 0.2 — — — — — — 250 230 
Cyanide, free EPA 9014 mg/L 0.02      0.2 — 0.0052 
Cyanide, total SM4500 CN-E mg/L 0.005 0.022 0.0052 0.0039 0.14 — — — — 
Cyanide, weak acid 
dissociable SM 4500 CN I mg/L 0.005 0.022 0.0052 0.0039 0.14 — — — 0.0052 

Fluoride EPA 300.0 mg/L 0.2 — — — — — 4.0 2.0 — 
Nitrates EPA 300.0 mg/L as N 0.2 — — — — — 10.0 — — 
Nitrate-nitrite EPA 353.2 mg/L as N 0.05 — — — — — — — — 
Nitrites  EPA 300.0 mg/L as N 0.2 — — — — — 1.0 — — 

N (total) 
EPA 351.4 

and EPA 
353.2 

mg/L as N 0.2 — — — — — — — — 

P EPA 6010C mg/L as P 0.02 — — — — — — — — 
pH SM4500H+B S.U. 0.1/0.1 — — — — 6.5–9.0 — 6.5–8.5 — 
Sulfate EPA 300.0 mg/L 0.2 — — — — — — 250 — 
TDS SM2540C mg/L 5 — — — — — — 500 — 
TSS EPA 160.2 mg/L 5 — — — — — — — — 

Metals 
Aluminum EPA 6020A mg/L 0.002 — — — — — — 0.05–0.20 0.087 
Antimony EPA 6020A mg/L 0.00005 — — 0.0052 0.190 — 0.006 — — 
Arsenic f, g  EPA 6020A mg/L 0.0005 0.34 0.15 0.01h 0.01h — 0.010 — 0.15 
Arsenic III EPA 1632 mg/L 0.00002 — — — — — — — — 
Barium  EPA 6020A mg/L 0.00005 — — — — — 2.0 — — 
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Table 6-1. Surface Water Analytical Suite and Relevant Surface Water Quality Standards 

Analyte Analytical 
Method Units 

Method 
Reporting 

Limit 

Idaho Surface Water Standards a EPA Drinking Water 
Standards 

National Recommended 
Water Quality Criteria for 
Freshwater Aquatic Life e 

Cold Water Biota b 
Standards for Human 

Health 
Based on Consumption of: General/ 

Other Criteria Primary c Secondary d 
CMC 

(acute) 
CCC 

(chronic) 
Water and 
Organisms 

Organisms 
Only 

Beryllium  EPA 6020A mg/L 0.00002 — — — — — 0.004 — — 
Boron i EPA 6010C mg/L 0.010 — — — — 120 — — — 
Cadmium  EPA 6020A mg/L 0.00002 0.0013 0.0006 — — — 0.005  0.00072 
Calcium EPA 6010C mg/L 0.004 — — — — — — — — 
Chromium (total) EPA 6020A mg/L 0.0002 — — — — — 0.1 — — 
Chromium (III) EPA218.6 mg/L 0.001 0.57 0.074 — — — — — 0.074 
Chromium (VI) EPA218.6 mg/L 0.001 0.016 0.011 — — — — — 0.011 
Cobalt EPA 6020A mg/L 0.00002 — — — — — — — — 
Copper EPA 6020A mg/L 0.0001 0.017 0.011 1.3 — — 1.3 1.0 — 
Iron  EPA 6010C mg/L 0.001 — — — — — — 0.3 1 
Lead  EPA 6020A mg/L 0.00002 0.065 0.0025 — — — 0.015 — 0.0025 
Magnesium  EPA 6010C mg/L 0.002 — — — — — — — — 
Manganese  EPA 6010C mg/L 0.0006 — — — — — — 0.05 — 
Mercury EPA 1631E mg/L 0.000001 0.0021 h 0.000012 h 0.00014 j 0.00015 j  0.002 — 0.00077 
Methyl mercury EPA 1630 mg/L 0.0000001 — — — 0.3 mg/kg j, k — — — — 
Molybdenum i EPA 6020A mg/L 0.00005 — — — — 0.6 — — — 
Nickel  EPA 6020A mg/L 0.0002 0.47 0.052 0.058 0.1 — — — 0.052 
Potassium  EPA 6010C mg/L 0.1 — — — — — — — — 
Selenium f EPA 6020A mg/L 0.001 0.02 0.005 0.029 0.250 — 0.05 — 0.005 
Silver  EPA 6020A mg/L 0.00002 0.0034 — — — — — 0.1 0.0032 
Sodium  EPA 6010C mg/L 0.2 — — — — — — — — 
Thallium  EPA 6020A mg/L 0.00002 — — 0.000017 0.000023 — 0.002 — — 
Vanadium i EPA 6020A mg/L 0.0002 — — — — 0.835 — — — 
Zinc EPA 6020A mg/L 0.0005 0.12 0.12 0.87 1.5 — — 5 0.12 

Field Parameters 
Color EPA 110.2 (PT-CO) 5 — — — — — — 15 — 
Dissolved oxygen EPA 360.1 mg/L N/A — — — — > 6 — — — 
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Table 6-1. Surface Water Analytical Suite and Relevant Surface Water Quality Standards 

Analyte Analytical 
Method Units 

Method 
Reporting 

Limit 

Idaho Surface Water Standards a EPA Drinking Water 
Standards 

National Recommended 
Water Quality Criteria for 
Freshwater Aquatic Life e 

Cold Water Biota b 
Standards for Human 

Health 
Based on Consumption of: General/ 

Other Criteria Primary c Secondary d 
CMC 

(acute) 
CCC 

(chronic) 
Water and 
Organisms 

Organisms 
Only 

pH  EPA 150.1 S.U. N/A — — — — 6.5–9.0 — 6.5–8.5 — 
Specific 
conductivity EPA 120.1 µS/cm N/A — — — — — — — — 

Temperature EPA 170.1 °C N/A — — — — < 13 — — — 
Turbidity EPA 180.1 NTU N/A — — — — ≤ background + 50 — — — 

Notes: 
— = A standard has not been developed for this constituent. 
mg/L = milligram(s) per liter. 
mg CaCO3/L= milligram(s) calcium carbonate per liter. 
µS/cm = micro Siemen(s)per centimeter. 
S.U. = standard units. 
a Source: IDAPA 58.01.02 Water Quality Standards. (Surface Water) (IDAPA 2017a). 
b Cold water biota based on 100 mg/L total hardness and water effect ratio of 1. 
c Source: (EPA 2017a). 
d Source: (EPA 2017b). Secondary drinking water regulations are set by EPA as non-mandatory water quality standards and are not considered threatening to health at these levels (EPA 2009). 
e Source: (EPA 2017c). 
f Standards for CMC and CCC are the presented values multiplied by the water effect ratio. 
g Standards for human health apply to inorganic arsenic only. 
h Idaho arsenic standard for human health based on consumption of water and organisms and organisms only is included in the table; however, EPA disapproved these standards in a letter dated 
September 15, 2016. The listed standards will be used until Idaho develops alternate standards that are approved by EPA. 
i Analytes were sampled to compare against toxicological benchmarks for wildlife (Opresko et al. 1996).  
j Per IDAPA 58.01.02 (IDAPA 2017a): “In 2005, Idaho adopted EPA’s recommended methylmercury fish tissue criterion for protection of human health (docket 58-0102-0302). The decision was made to 
remove the old tissue-based aquatic life criteria and rely on the fish tissue criterion to provide protection for aquatic life as well as human health. Thus, the current Idaho water quality standards do not 
have mercury water column criteria for the protection of aquatic life. While EPA approved Idaho’s adoption of the fish tissue criterion in September 2005, it had withheld judgement of Idaho’s removal of 
aquatic life criteria. On December 12, 2008, EPA disapproved Idaho’s removal of the old aquatic life criteria. The water column criteria for total recoverable mercury published in 2004 Idaho 
Administrative Code continue to apply and are effective for CWA purposes.” 
k This fish tissue residue criterion for methyl mercury is based on a human health reference dose (RfD) of 0.0001 mg/kg body weight-d; a relative source contribution (RSC) estimated to be 27% of the 
RfD; a human body weight (BW) of 70 kg (for adults); and a total fish consumption rate of 0.0175 kg/d for the general population, summed from trophic level (TL) breakdown of TL2 = 0.0038 kg fish/d + 
TL3 = 0.0080 kg fish/d + TL4 = 0.0057 kg fish/d. This is a criterion that is protective of the general population. A site-specific criterion or a criterion for a subpopulation may be calculated by using local 
or regional data, rather than the above default values, in the formula: TRC = [BW x {RfD – (RSCxRfD)}] ÷ TL. In waters inhabited by species listed as threatened or endangered under the Endangered 
Species Act or designated as their critical habitat, IDEQ will apply the human health fish tissue residue criterion for methylmercury to the highest trophic level available for sampling and analysis. 
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6.2 Groundwater Quality Standards 
Multiple agencies, including IDEQ and EPA, will be involved as part of the NEPA activities and 
environmental permitting with respect to regulations relevant to groundwater quality. Therefore, 
constituents were compared to the most restrictive potentially applicable numeric groundwater 
quality standards from both agencies, as presented in Table 6-2. Table 6-2 also lists the analytical 
methods and method reporting limits used during the baseline study monitoring program. 

IDEQ coordinates and administers the groundwater quality protection programs in Idaho. Idaho 
Ground Water Quality Rule (IDAPA 58.01.11) establishes requirements for the protection of 
groundwater by setting standards and beneficial uses and categorizing aquifers to be protected at 
different levels (IDAPA 2017b). The standards include both primary and secondary numerical 
groundwater quality standards set to protect human health and the environment. IDEQ is also 
responsible for setting the point of compliance, if requested by a mine operator and pursuant to 
IDAPA 58.01.11, where groundwater downgradient of mining activity must meet the established 
groundwater quality standards. 

EPA identifies contaminants to regulate in drinking water to protect public health. It sets regulatory 
limits for the amounts of certain contaminants in water provided by public water systems. These 
contaminant standards are established under the Safe Drinking Water Act. EPA works with states, 
tribes, and many other partners to implement these Safe Drinking Water Act provisions (EPA 2009). 

EPA has established National Primary Drinking Water Regulations that set mandatory water quality 
standards for drinking water contaminants. These are enforceable standards called maximum 
contaminant levels (MCLs), which are established to protect the public against consumption of 
drinking water contaminants that present a risk to human health. An MCL is the maximum allowable 
amount of a contaminant in drinking water that is delivered to the consumer (EPA 2017a,b). 

In addition, EPA has established National Secondary Drinking Water Regulations that set non-
mandatory water quality standards for 15 contaminants. EPA does not enforce these secondary 
maximum contaminant levels. They are established as guidelines to assist public water systems in 
managing their drinking water for aesthetic considerations, such as taste, color, and odor. These 
contaminants are not considered to present a risk to human health at the secondary maximum 
contaminant level. 
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Table 6-2. Groundwater Analytical Suite and Relevant Groundwater Quality Standards 

Analyte Analytical Method Unit(s) Method 
Reporting Limit 

Idaho Groundwater Water Standards a EPA Primary Drinking 
Water Standard b 

EPA Secondary 
Drinking Water 

Standard c 
Primary 

Groundwater Standard 
Secondary 

Groundwater Standard 
Major Ions/Nutrients/Wet Chemistry 

Alkalinity SM2320B mg CaCO3/L Calculated — — — >20 
NH3 EPA350.1 mg/L as NH3 0.051 — — —  
Bicarbonate SM2320B mg CaCO3/L Calculated — — —  
Boron EPA 6010C mg/L 0.02 — — —  
Carbonate SM2320B mg CaCO3/L Calculated — — —  
Chloride EPA 300.0 mg/L 0.0004 — 250 —d 250 
Cyanide, total SM4500 CN-E mg/L 0.0047 0.2 — 0.2 d  
Fluoride EPA 300.0 mg/L 0.2 4 — 4.0 2.0 
Hardness SM2320B mg/L Calculated — —   
Nitrate EPA 353.2 mg/L as N 0.05 10 — 10  
Nitrite EPA 300.0 mg/L as N 0.2 1 — 1  
Nitrate/nitrite EPA 351.4 and EPA 

353.2 mg/L as N 0.4 10 — —  

Phosphorus EPA 6010C mg/L as P 0.04 — — —  
Sulfate  EPA 300.0 mg/L 0.2 — 250 — 250 
TDS SM2540C mg/L 5.0 — 500 — 500 

Metals 
Aluminum EPA 6020A mg/L 0.002 — 0.2 — 0.05–0.2 
Antimony EPA 6020A mg/L 0.00005 0.006 — 0.006  
Arsenic EPA 6020A mg/L 0.0005 0.05 — 0.01  
Arsenic III EPA 1632 mg/L 0.00002 — — —  
Barium  EPA 6020A mg/L 0.00005 2 — 2  
Beryllium  EPA 6020A mg/L 0.00002 0.004 — 0.004  
Cadmium EPA 6020A mg/L 0.00002 0.005 — 0.005  
Calcium EPA 6010C mg/L 0.02 — — —  
Chromium EPA 6020A mg/L 0.0002 0.1 — 0.1  
Cobalt EPA 6020A mg/L 0.00002 — — —  
Copper EPA 6020A mg/L 0.0001 1.3 — 1.3 1.0 
Iron EPA 6010C mg/L 0.02 — 0.3 — 0.3 

I I 

I I 
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Table 6-2. Groundwater Analytical Suite and Relevant Groundwater Quality Standards 

Analyte Analytical Method Unit(s) Method 
Reporting Limit 

Idaho Groundwater Water Standards a EPA Primary Drinking 
Water Standard b 

EPA Secondary 
Drinking Water 

Standard c 
Primary 

Groundwater Standard 
Secondary 

Groundwater Standard 
Lead  EPA 6020A mg/L 0.00002 0.015 — 0.015 d  
Magnesium EPA 6010C mg/L 0.005 — — —  
Manganese EPA 6010C mg/L 0.001 — 0.05 — 0.05 
Mercury  EPA 1631E mg/L 0.000001 0.002 — 0.002  
Methyl mercury EPA 1630 mg/L 0.0000001 — — —  
Molybdenum  EPA 6020A mg/L 0.00005 — — —  
Nickel  EPA 6020A mg/L 0.0002 — — —  
Potassium EPA 6010C mg/L 0.2 — — —  
Selenium EPA 6020A mg/L 0.001 0.05 — 0.05  
Silver  EPA 6020A mg/L 0.00002 — 0.1 — 0.1 
Sodium EPA 6010C mg/L 0.2 — — —  
Thallium  EPA 6020A mg/L 0.00002 0.002 — 0.002  
Vanadium  EPA 6020A mg/L 0.0002 — — —  
Zinc EPA 6020A mg/L 0.0005 — 5 — 5 

Field Parameters 
Dissolved oxygen EPA 360.1 mg/L 0.05 — — —  
Oxidation-reduction 
potential SM2580 Volts N/A — — —  

pH  EPA 150.1 S.U. 0.1 — ≥ 6.5 and ≤ 8.5 — ≥ 6.5 and ≤ 8.5 
Specific conductivity EPA 120.1 µS/cm N/A — — —  
Temperature EPA 170.1 °C N/A — — —  
Turbidity EPA 180.1 NTU 0.0 — — —  

Notes: 
a Source: (IDAPA 2017b). 
b Source: (EPA 2017a). 
c Source: (EPA 2017b). 
d EPA primary drinking water standard for lead is 0 mg/L MCL-Goal and 0.015 mg/L action level for treatment technique (TT). 
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6.3 Mineralization and Natural Background  
Natural background concentrations of metals are elevated in the District. Intrusive rock-hosted-
precious-metals mineralization typically occurs in structurally fractured zones in association with very 
fine-grained disseminated arsenical pyrite and to a lesser extent arsenopyrite (Midas Gold 2017). As 
is typical of mining districts, the elevated concentrations of precious metals (i.e., gold) are often 
associated with elevated concentrations of other hydrothermal elements such as mercury, arsenic, 
antimony, etc. These and other elements weather out of outcropping mineral deposits and are found 
in naturally elevated concentrations in soils, sediment, biota and/or water—often serving as 
exploration tools. This section provides a summary of the District mineralization and alteration and 
some examples of mineralized but unmined prospects that may be useful in establishing natural 
background conditions. Some chemical formulas are included below so that the elements associated 
with the precious metals mineralization can be highlighted. 

6.3.1 Mineralization and Alteration 
Intrusive-hosted Mineralization. Per MGII’s investigations, gold mineralization is usually associated 
with the mineral arsenical pyrite and to a lesser extent arsenopyrite (Midas Gold 2017). Gold only 
rarely occurs as discrete particles; the clear majority of gold occurs in solid solution within the pyrite 
crystal lattice. Base metals are rare and occur at very low concentrations, at or below typical crustal 
abundance levels. Various oxidized products of the weathering of the primary sulfides are also found 
in the intrusive rocks.  

Antimony mineralization occurs primarily when associated with the mineral stibnite (Sb2S3). Other 
antimony-bearing phases, which occur in trace amounts and are volumetrically insignificant, include 
miargyrite (AgSbS2), gudmundite (FeSbS), chalcostibite (CuSbS2), tetrahedrite ([Cu, Fe]12Sb4S13), and 
owyheeite ([Pb]10[Ag]3-8[Sb]11-16[S]28). There is a weak but persistent association of volumetrically 
small, typically less than 0.25 percent, base metal mineralization associated with the antimony 
mineralization. This association includes rare occurrences of chalcopyrite (CuFeS2), galena (PbS), 
sphalerite (ZnS), and molybdenite (MoS2). Zones of high-grade, silver-rich mineralization locally occur 
with antimony and are related to the presence of pyrargyrite (Ag3SbS3), hessite (Ag2Te), and 
acanthite (Ag2S). 

Tungsten mineralization is typically and essentially exclusively associated with the mineral scheelite 
(CaWO4). Observations suggest that tungsten mineralization occurred late in the process, but 
preceded the stibnite mineralization because stibnite has been found in numerous past studies 
cementing veins and brecciated scheelite fragments. 

Although mercury mineralization is rare in the three main deposit areas and in the west side of the 
District in general, studies of the mineral occurrences to the east in the Cinnabar Mine area—where 
mercury was historically produced—indicate that the primary mercury-bearing minerals are cinnabar 
(HgS) and coloradoite (HgTe) and to a lesser extent tiemannite (HgSe) and amalgam (HgAg). 

Metasedimentary-hosted mineralization. Mineralization in the metasedimentary rocks has a sulfide 
suite and geochemistry similar to the intrusive-hosted mineralization, but with higher carbonate 
content in the “gangue” (i.e., commercially worthless material that surrounds or is closely mixed with 
the valuable minerals in the ore) and a much more diverse suite of late-stage minerals. As in the 
intrusive-hosted mineralization, most of the gold is associated with very fine-grained arsenical pyrite 

and is tied up in the pyrite lattice (Midas Gold 2017).  
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6.3.2 Natural Background Conditions 
In mineralized areas with past mining activity, it is often difficult to determine what the natural 
background conditions were before mining. This information can be important for several reasons, 
but particularly to assist agencies and stakeholders in providing a level of understanding on what 
reasonable natural levels of metals or pathfinder elements are for a given area. Often “background” 
samples are used to facilitate determination of what water quality and discharge regulatory limits 
should be applied to a mine permit and after closure. If these “background” samples are taken from 
unmineralized areas—which they often are—they are not particularly representative of natural 
conditions in a mineralized area, creating unrealistic and unobtainable expectations for water quality 
during or after mining operations. For example, no mineralization is known upgradient of the 
uppermost groundwater and surface water sampling locations in Meadow Creek drainage, making 
them unrepresentative of true natural background for the District mineralized areas.  

Despite an extensive mining history, several prospect areas within the Study Area provide 
information that can assist the agencies and stakeholders in making appropriate decisions regarding 
what the current natural background conditions are now, and what might be present during the 
proposed operations and after the proposed operations are closed and reclaimed.  

The West End deposit (see Figure 6-1) was originally discovered by BMC staff with the assistance of 
Ben Leonard, a U.S. Geological Survey (USGS) geologist in the 1950s, after a soil and 
biogeochemical anomaly (using forest duff as a sampling media) identified the area as mineralized 
(along with the Scout and the Garnet prospects). No mining was undertaken and the area remained 
relatively undisturbed until the 1980s. In the mid-1970s through early 1980s, Superior (following up 
on the earlier work) discovered mineralization of economic interest and completed baseline 
environmental studies for mine permitting. The studies indicated the water quality in West End Creek 
contained naturally elevated concentrations of metals that exceeded background values for 
unmineralized areas, and did not meet water quality guidelines at the time (Midas Gold 2017). 
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Figure 6-1. District geologic map showing exploration prospects  

Source: (Midas Gold 2017). 
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Another example of an area with high background levels is the Resistor prospect (see Figure 6-1), 
where no previous mining activity is evident or reported in the historical literature. Highly anomalous 
levels of arsenic, antimony, and—to a lesser extent—mercury are evident in conventional minus-80 
mesh stream silt samples collected from small draws and streams draining through and across the 
fault trace, as well as in conventional minus-80 mesh soil samples collected over the projected trace 
of the fault for exploration purposes. Rock sampling in the fault area adjacent to a broad area of 
extensively dolomitized and recrystallized marbles at the prospect shows a broad zone of 
disseminated low-grade antimony-gold mineralization with elevated mercury values. The data show 
elevated values reflecting naturally high background levels of these metals in soils, rocks, and 
stream sediments (Midas Gold 2017).  

At the Rabbit prospect (see Figure 6-1), exploration data show elevated values of various elements 
that reflect naturally high background levels in stream sediments, soils, and rocks. Numerous seeps 
with anomalously high TDS, conductivity, and dissolved and suspended metal contents occur within 
the area of the geochemical anomaly—especially at the base of the carbonate unit—possibly 
reflecting the presence of mineralization and increased permeability because of dolomitization 
associated with the Rabbit Fault Zone, the unconformity at the Fern-Quartz Pebble Conglomerate 
contact, or both. The Fern and Cinnabar mines located farther to the east are also along the trace of 
the fault, and extensive epithermal silica replacement of carbonate rocks is associated with the fault. 
Similarly, high levels of arsenic, antimony, mercury, and—to a lesser extent—weakly anomalous gold 
are found in the Fern and Cinnabar mines area, which has been impacted and disturbed by past 
historical industry and government-sponsored exploration and mining activities during the last 
90 years. It is unclear at this time what amount of these elements in soils and sediments is related 
to natural background levels or anthropogenic sources (Midas Gold 2017).  

6.3.3 Implications 
Under the Idaho Ground Water Quality Rule (IDAPA 58.01.11.007.23), the natural background level 
is defined as “[t]he level of any constituent in the groundwater within a specified area as determined 
by representative measurements of the groundwater quality unaffected by human activities.” IDAPA 
58.01.11.200.03 states that “if the natural background level of a constituent exceeds the (numeric) 
standard in this section, the natural background level shall be used as the standard.” 

In the Idaho Surface Water Quality Standards (IDAPA 58.01.02.010.63) the definition of natural 
background conditions is “The physical, chemical, biological or radiological conditions existing in a 
water body without human sources of pollution within the watershed. Natural disturbances including, 
but not limited to, wildfire, geologic disturbance, diseased vegetation, or flow extremes that affect 
the physical, chemical, and biological integrity of the water are part of natural background 
conditions. Natural background conditions should be described and evaluated taking into account 
this inherent variability with time and place.” 

The areas with little or no historical mining near the Scout and Garnet prospects on the east side of 
the EFSFSR, as well as areas on the west side of the District such as the Fiddle and North prospects, 
may provide opportunities to establish natural background water quality in seeps and springs or 
groundwater monitoring wells.  
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Surface Water Resources 
This section of the WRSR provides information regarding surface water resources, including both 
hydrology and water quality. 

7.1 Hydrologic Setting 
The Study Area is located within the EFSFSR Hydrologic Unit Code (HUC), a USGS 4th order HUC 
watershed (HUC-17060208) that drains into the Salmon River. The Study Area covers the upper 
EFSFSR watershed, a 5th order HUC: 1706020802.  

Mining at the SGP site will occur within the upper EFSFSR watershed (above the confluence with 
Sugar Creek), with mine claims extending into small portions of the Johnson Creek and Monumental 
Creek watersheds. The watershed boundaries and key hydrologic features within the Study Area are 
shown on Figure 7-1. Table 7-1 provides National Hydrography Dataset (NHD) watershed 
classifications. 
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Table 7-1. National Hydrography Dataset Watershed Classification 

Basin Subbasin Watershed Subwatershed 

Salmon River Basin South Fork Salmon River Upper EFSFSR 
Headwaters EFSFSR 

Sugar Creek 
 

7.2 Sources of Data  
The following sub-sections provide information on the sources of data. 

7.2.1 Baseline Studies 
As discussed in Section 3, four surface water hydrology reports and five surface water quality reports 
were prepared for this project. Reports on hydrology include Draft Surface Water Hydrology Baseline 
Study Work Plan, Hydrology Field Survey report, and the Surface Water Hydrology Baseline Study 
report (HydroGeo, Inc. 2012a, 2012b, 2012c). The Summary of Project Wetland Resource Baseline 
Studies 2011–2016 Technical Memorandum provides information on wetlands in the Study Area 
(HDR 2017b). 

Reports prepared for assessing surface water quality for the SGP include Surface Water Quality 
Baseline Study Work Plan; QAPPs/surface water quality sampling plans for years 2013–14, 2015, 
and 2016; and the Surface Water Quality Baseline Study (HDR, 2017a). The Surface Water Quality 
Baseline Study report includes surface water quality data collected from 2012–16 (HDR 2017a).  

Information provided in these reports is compiled and summarized in this section.  

7.2.2 USGS Stream Gaging Data 
There are five active and one inactive USGS gaging stations in the Study Area and one active and 
one inactive station downstream of the Study Area on the EFSFSR. Online streamflow monitoring 
data are available for these gages at USGS’ website (USGS 2017) and were used to provide 
background information on surface water hydrology in the region.  

7.3 Surface Water Hydrology  
This section summarizes the surface water features, their drainage characteristics, and beneficial 
uses and impairment status.  

7.3.1 Surface Water Features in the Study Area 
Surface water features in the Study Area include the EFSFSR and its tributaries, intermittent 
drainages, seeps, springs, wetlands, and ponds. 

7.3.1.1 EFSFSR and Tributary Characteristics 

EFSFSR originates to the southeast of the SGP area, flows from south to north and then turns more 
westerly farther downstream. The EFSFSR is tributary to the South Fork Salmon River located 
approximately 25 miles to the west/northwest of the SGP area. All drainages in the Study Area are 
tributary to the EFSFSR. The tributaries include Meadow Creek, East Fork Meadow Creek, Rabbit 
Creek, Garnet Creek, Fiddle Creek, Midnight Creek, Hennessy Creek, West End Creek, and Sugar 
Creek (Figure 7-1 and 7-2). Drainage characteristics are summarized in Section 7.3.2. 
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There are 10 major drainages in the SGP area: EFSFSR upstream of Sugar Creek, Rabbit Creek, 
Meadow Creek, East Fork Meadow Creek, Garnet Creek, Fiddle Creek, Midnight Creek, Hennessy 
Creek, West End Creek, and Sugar Creek. The locations of the Study Area drainages within the sub-
watersheds is provided as Figure 7-1; drainages are also shown on the topographic map (Figure 7-2). 
The drainage characteristics are outlined in Table 7-2, and details are provided in the subsequent 
text. 
 

Table 7-2. Summary of Drainage Characteristics in the Study Area 

Sub-
Watershed Drainage 

Approximate 
Drainage Area 
(square miles) 

Length 
(miles) 

Drop 
(ft) 

Average 
Gradient (%) 

Depth (ft) at 
OHW  

Width (ft) at 
OHW 

Headwaters 
EFSFSR 

EFSFSR 
(upstream of Sugar Creek) 

25.0 7.04 2,129 5.7 2–3 25–30 

Meadow Creek 
Headwaters 
Mouth 

7.7 4.78 1,570 6.2 
overall 

 

 
2–3 
2–4 

 
8–10 

20–25 

East Fork Meadow Creek  2.4 2.66 1,491 10.6 2–3 6–10 

Rabbit Creek  0.6 1.19 1,506 24.0 1–2 1–3 

Garnet Creek 0.5 1.24 1,558 23.8 1–2 3–4 

Fiddle Creek 2.0 2.47 1,444 11.1 1–2 3–6 

Midnight Creek 0.9 1.83 2,205 22.8 1–2 1–4 

Hennessy Creek 0.7 1.16 1,499 24.5 1–2 4–6 

Sugar Creek 
West End Creek 0.6 1.55 2,234 27.3 0.5–2.0 1–3 

Sugar Creek  17.4 7.14 2,356 6.2 NA NA 

Source: (HydroGeo, Inc. 2012a; HDR 2017a). 
OHW = ordinary high water. 
NA= not available. 
 

East Fork South Fork Salmon River. The EFSFSR is a perennial stream that flows from south to north 
through the SGP area and all drainages in the area are tributary to it. Historical mining activities have 
impacted the course of the EFSFSR in the central portion of the Study Area where it flows through a 
lake that has formed in the Yellow Pine Pit. The EFSFSR enters the pit on its south side and flows out 
of the pit on the north side. Flow significantly slows as it passes through the abandoned pit, allowing 
the pit lake to act as a large sediment trap. A steep artificial drop into the mine pit creates “rapids” 
on the EFSFSR just south of the pit lake. The EFSFSR channel is approximately 2 to 3 feet deep and 
25 to 30 feet wide, based on measurements of ordinary high water marks. 

Meadow Creek. Meadow Creek originates at the southern end of the Study Area (Figures 7-1 
and 7-2). Meadow Creek Lake, an alpine lake/glacial tarn, is present in the headwaters of the creek 
(Figure 7-2). Meadow Creek lies within a glacial cirque and contains multiple wetlands covering an 
estimated 175.26 acres of the drainage area. Meadow Creek is approximately 2 to 3 feet deep and 
8 to 10 feet wide at OHW in its headwaters, and 2 to 4 feet deep and 20 to 25 feet wide at the 
bottom of the drainage. 

Historical mining activities have impacted Meadow Creek. Historical tailings were placed in and 
alongside Meadow Creek. Later, spent heap leach ore was placed atop the accumulated historical 
tailings, forming the SODA (Figure 2-1). A wetland has formed upgradient of SODA, on the remnants 
of the supernatant pond from the historical tailings. Meadow Creek was rerouted to an engineered 
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channel above the wetland and alongside the historical tailings to bypass the pile and eliminate 
erosion of the historical tailings.  

East Fork Meadow Creek. East Fork Meadow Creek is a perennial stream that originates in the 
southern portion of the Study Area and is tributary to Meadow Creek (Figure 7-1 and 7-2). Until 
1965, East Fork Meadow Creek supplied water to a large man-made reservoir (originally developed 
to provide hydroelectric power to the historical mill and smelter). The creek is locally referred to as 
Blowout Creek ever since the dam embankment to the reservoir breached, causing large-scale 
scouring below the failed dam, and created a large “blowout zone” near the bottom of the drainage. 
Upstream of the blowout zone, the creek meanders through a large meadow, and continues to erode 
due to the 1965 dam failure. The headwaters of the creek are in heavily burned forest zones.  

Rabbit Creek (Unnamed Tributary). Rabbit Creek is a small tributary that drains into the EFSFSR 
from the east (Figure 7-1). It is in a steep drainage with very steep side slopes and numerous seeps 
and springs in its headwaters. 

Garnet Creek. Garnet Creek is a small tributary that drains into the EFSFSR from the east (Figure 7-1 
and 7-2). The headwater of Garnet Creek originates at seeps and springs located near the eastern 
portion of the Study Area. The current shop and camp facilities are in this drainage. The historical 
Garnet Pit is also in this drainage.  

Fiddle Creek. Fiddle Creek lies within a well-defined glacial cirque and drains into the EFSFSR from 
the west (Figures 7-1 and 7-2). The drainage area includes forests, scree slopes, and wetlands, with 
brushy wetlands along the course of the creek.  

Midnight Creek. Midnight Creek is a small tributary that drains into the EFSFSR from the east, just 
above the Yellow Pine pit lake (Figures 7-1 and 7-2). Several miles of current and historical 
exploration and haul roads exist in the Midnight Creek drainage. 

Hennessy Creek (Unnamed Tributary). Hennessy Creek lies within a small but well-defined glacial 
cirque that drains into the EFSFSR from the west (Figure 7-1). Its upper drainage area is heavily 
forested. The lower drainage area has been modified by historical mine workings and current access 
roads. Hennessy Creek flows toward Stibnite Road, then flows adjacent to the road in a channel 
around a USFS-constructed waste repository and through a culvert before entering the EFSFSR. 

West End Creek. West End Creek is a small tributary that drains into Sugar Creek from the south 
(Figures 7-1 and 7-2). Its drainage area has been heavily modified by historical mine workings. The 
current creek flow disappears and reappears among historical development rock piles. Several miles 
of current and historical exploration roads are present in the drainage.  

Sugar Creek. Sugar Creek flows into the EFSFSR from the east and drains a large area east of the 
SGP area (Figures 7- 1 and 7-2). Its headwaters are approximately 5 miles from the SGP area. Sugar 
Creek has historical mining activities within its drainage boundaries. An old road along the creek was 
widened in the late 1980s for heavy machinery access.  

7.3.1.2 Drainages 

Intermittent waters are defined as streams, reaches, or water bodies that naturally have a period of 
zero flow for at least 1 week during most years (IDAPA 2015). There are five unnamed intermittent 
drainages shown on the topographic map within the Study Area (USGS 2013). Three are tributary to 
the EFSFSR in the southeastern portion of the Study Area, and two are tributary to Sugar Creek in the 
northern area (Figure 7-2). These drainages are located on the very steep slopes adjacent to the 
named water bodies and only flow seasonally during periods of snowmelt and precipitation.  
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7.3.1.3 Natural Springs/Seeps 

A hydrologic survey was conducted in the Study Area between July 12 and August 6, 2012 
(HydroGeo, Inc. 2012b). During that survey 344 features were identified: 37 seeps, 153 seeps with 
wet areas, 33 springs, 117 springs with wet areas, 3 seep/pond/wet area complexes, and 1 creek 
re-emerging from the colluvium. The term “seep” refers to areas that were naturally inundated or 
saturated by groundwater at the time of the survey in the summer of 2012 but did not have a well-
defined source. The term “spring” refers to areas where groundwater was observed flowing to the 
surface from a clearly defined point. When the area around the seep or spring was observed to be 
wet, the wet area was noted. In the Field Survey Report (HydroGeo, Inc. 2012b), the wet areas were 
referred to as ‘wetlands’ but the term was used loosely and should not be confused with the rigorous 
identification of wetlands that were carefully mapped and classified for the Wetlands Baseline Study 
(HDR 2013), for which the USACE issued an approved jurisdictional determination (see Section 
7.3.1.4 below).  

The location of each feature identified in the hydrologic survey is shown on the geologic map in 
Figure 7-3. Measured flow rates are provided on Figure 7.4. A summary of the identified seeps and 
springs by drainage area is provided in Table 7-3. Details and descriptions of each identified spring 
and seep are provided in the Hydrology Field Study report (HydroGeo, Inc. 2012b).  
 

Table 7-3. Seeps and Springs by Drainage: Summer 2012 

Drainage Seeps Seeps with 
Wet Areasa Springs Springs with 

Wet Areasa Other Other Description Total 

Meadow Creek 21 68 24 51 2 pond and pond with wet area 166 

East Fork Meadow Creek  0 19 1 13 0   33 

Rabbit Creek 3 9 0 7 0   19 

Garnet Creek 1 4 1 8 0   14 

Fiddle Creek 3 10 2 16 0   31 

Midnight Creek 1 5 0 1 0   7 

Hennessy Creek 0 8 2 10 1 seep/pond/wet area complex 21 

West End Creek 0 2 1 1 1 reemerging creek 5 

Sugar Creek 8 7 2 2 0   19 

East Fork of the South Fork 
Salmon River (EFSFSR) 0 21 0 8 3 

pond with wet area and two 
seep/pond/wet area 

complexes 
32 

TOTAL 347 

Source: (HydroGeo 2012b).  
Note:  
a See text for definition of “wet area” 
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The high number of seeps and springs in the Study Area likely reflects the prevalence of groundwater 
in the colluvium across the Study Area. The relationships between seep/spring locations with 
topography, local stratigraphy, and structure was assessed and the following general relationships 
were identified. 

Topographic Influences. The highest concentrations of springs and seeps were observed in the 
glacial cirques that form the headwaters of Meadow Creek, Fiddle Creek, and Hennessy Creek. 
Glaciers generally form on the northeastern slopes where they are protected from the sun’s energy. 
The development, movement, and unloading of glaciers in these valleys appears to have fractured 
the shallow bedrock and removed the colluvium and top soil, such that water emanates from the 
fractured bedrock in the headwall and along the valley sides. Similarly, seeps and springs are 
evident in the headwall of the large landslide/small cirque located southeast of the EFSFSR across 
from Rabbit Creek (Figure 7-4). 

Some of the spring and seep sites were identified along road cuts. These springs and seeps 
apparently exist because water moving through the colluvium in the vadose zone surfaces at the 
point where a road cut truncates this material. These types of springs and seeps are not naturally 
occurring and bear no discernible relationship to any local geologic features. 

Stratigraphic Influences. The presence/absence, thickness, and character of the colluvium may play 
a role in where seeps and springs are located. Water likely moves downslope within the colluvium 
above the bedrock surface, and changes in that colluvium or underlying bedrock surface result in 
water coming to the surface. Seeps and springs at the higher elevations have been observed to flow 
out of the colluvium and then underground again downslope of the seep/spring.  

In addition to the colluvium/bedrock contact influencing the sources of seeps and springs, 
unconformities within the metasedimentary roof pendant have been observed to transmit water and 
may contribute to the shallow water in the colluvium above the metasedimentary rocks. The overall 
pattern of seeps and springs as shown on Figure 7-3, however, shows a general paucity of seeps and 
springs emanating from the metasedimentary rocks as compared to the granitic rock. The apparent 
reduced number of seeps and springs in the metasedimentary area may be the result of increased 
evapotranspiration on the southwest-facing slope, differences in colluvial thicknesses and/or 
character over the metasedimentary rocks, and/or increased permeabilities (and downward 
percolation of waters) within the metasedimentary rocks due to the presence of fractures that have 
not been sealed by alteration or mineralization. 

Structural Influences. Numerous seeps and springs have been observed along the Meadow Creek 
Fault zone and West End Fault zone in the western part of the Study Area and in the Rabbit Creek 
drainage where the Rabbit Creek Fault is postulated. These seeps and springs could be evidence 
that the fault zones provide conduits for groundwater movement, or the more likely interpretation is 
that water moving in the shallow bedrock and downslope in the colluvium hits a zone of relatively 
impermeable (clay) fault gouge and comes to the surface.  

7.3.1.4 Wetlands  

A total of 350 separate wetland communities comprising 323.41 acres have been delineated in the 
SGP area (HDR 2017c): 101.51 acres of palustrine forested (PFO) wetlands, 109.74 acres of 
palustrine scrub-scrub (PSS) wetlands, and 112.16 acres of palustrine emergent marsh (PEM) 
wetlands. The wetland areas are summarized by drainage in Table 7- 4. Locations of the wetlands 
are provided by drainage on very detailed maps in the Summary of Project Wetland Resource 
Baseline Studies 2011–2016 Technical Memorandum (HDR 2017c) (Figure 7-5). 
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Table 7-4. Wetlands Summary by Drainage 

Drainage PFO (acres)  PSS (acres) PEM (acres) Total (acres) 

EFSFSR 4.84 22.44 13.1 40.38 

Meadow Creek 73.51 60.03 41.74 175.28 

East Fork Meadow Creek  4.74 10.24 46.35 61.34 

Rabbit Creek  1.10 1.84 2.09 5.03 

Garnet Creek 0.00 3.26 1.16 4.42 

Fiddle Creek 16.18 1.59 1.97 19.74 

Midnight Creek 0.88 1.91 0.43 3.22 

Hennessy Creek  0.26 4.46 4.49 9.65 

West End Creek 0.00 2.15 0.19 2.34 

Sugar Creek 0.00 1.82 0.21 2.02 

Total 101.51 109.74 112.16 323.41 

Source: (HDR 2017c). 
 

Based upon a review of the 2013 Wetland Resource Baseline Study (HDR 2013), the USACE, Walla 
Walla District, Boise Regulatory Office assigned file number NWW-2013-00321 to the SGP and 
issued an approved jurisdictional determination that is valid for a period of 5 years from the date of 
issue of January 31, 2014 (USACE 2014).  
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7.3.1.5 Adit Seeps 

There are seven legacy adits in the SGP area that have seeps. These include the Meadow Creek 
Mine adit adjacent to Meadow Creek; the DMEA adit, the North Tunnel, Cinnabar Tunnel, and 
Monday Tunnel adjacent to the EFSFSR; and the Bailey Tunnel and Bonanza adit adjacent to Sugar 
Creek. The locations of the underground workings and associated adits are shown on Figures 2-1 
and 2-2. 

7.3.1.6 Pit Lake  

A lake has formed in the former Yellow Pine Pit where the EFSFSR flows through it (Figures 2-1 and 
7-2). It has been estimated to have a maximum depth of approximately 35 feet, an area of 
approximately 4.75 acres, and a water volume of approximately 92 acre-feet. The original pit was 
excavated to 125 feet below the current water level but has filled with approximately 90 feet of 
sediment. 

7.3.2 Beneficial Use and Impairment Status of Streams 
Table 7-5 lists the designated beneficial uses and impairment status for the South Fork of the 
Salmon River sub-basin within the Study Area based on the Idaho 2014 Integrated Report approved 
by the EPA on June 5, 2017 (Appendix L in IDEQ 2017).  

Arsenic is the primary cause of impairment for listed streams: 
• The EFSFSR 3rd order reach is listed for arsenic and antimony. 
• The EFSFSR 1st and 2nd order reaches are listed for arsenic. 
• Sugar Creek 3rd order reach (Cane Creek to mouth) is listed for arsenic and mercury.  

Figure 7-6 depicts the 303(d)-listed stream segments in the Study Area based on the 2014 
Integrated Report (Appendix L in IDEQ 2017). West End Creek and several other tributaries to Sugar 
Creek are the only streams within the Study Area categorized as fully supporting their designated 
beneficial uses and not 303(d) listed. 
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Table 7-5. Beneficial Use and Impairment Status of Area Streams 

NHD Water Body a HUC  Designated 
Beneficial Uses b 

2014 Status and Causesb 

IDEQ Status b Cause of 
Impairment b 

IDEQ 
Category b 

EFSFSR 3rd order 170602080201 COLD, SS, DWS Not supporting Antimony, arsenic 303(d) Listed 
Category 5 

EFSFSR 1st and 2nd order  170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 
Category 5 

Unnamed tributary to EFSFSR 
(Rabbit Creek) 170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 

Category 5 

Meadow Creek 170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 
Category 5 

Garnet Creek 170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 
Category 5 

Fiddle Creek 170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 
Category 5 

Midnight Creek 170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 
Category 5 

Unnamed tributary to EFSFSR 
(Hennessy Creek) 170602080201 COLD, PCR, SS, DWS Not supporting Arsenic 303(d) Listed 

Category 5 

West End Creek 170602080202 COLD, SS Fully supporting – Category 2 

Sugar Creek 
(3rd order Cane Creek to mouth) 

170602080202 COLD, PCR, SS Not supporting Arsenic, mercury 303(d) Listed 
Category 5 

Salt Creek 170602080206 COLD, DWS, PCR, SS Fully supporting – Category 2 
a NHD water body proper name. Parenthesized names are unofficial but locally common names included for clarity. 
b Status and causes from Final 2014 Integrated Report (Appendix L in IDEQ 2017). 
COLD = cold water communities. 
DWS = domestic water supply. 
PCR = primary contact recreation. 
SCR = secondary contact recreation. 
SS = salmonid spawning.  
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7.4 Baseline Surface Water Monitoring  
Baseline surface water monitoring has been conducted in the Study Area to characterize existing 
surface water quality in support of NEPA activities and environmental permitting for the SGP. The 
primary objectives of the baseline field investigations are:  
• Collect baseline data to provide defensible documentation of existing surface water quality 

conditions, including characterization of spatial and temporal variability 
• Develop a baseline for evaluating possible surface water quality changes associated with future 

mining, restoration, and reclamation activities  

The baseline data collection program and results presented in this WRSR encompass surface water 
sampling and flow measurements at 32 surface water locations on perennial streams and 23 sites 
where surface water is originating from a seep, adit seep, or other legacy mining-related feature for 
the period from April 2012 through February 2016. 

The sampling plan and rationale are described in detail in the Surface Water Quality Baseline Study 
Work Plan and the QAPP-SWQSPs (HDR 2012, 2014, 2015, 2016a, 2017a). This WRSR provides an 
overview of the baseline surface water monitoring program to provide context for discussions of 
water quality, constituents of interest (COIs), and the gain-loss analysis presented in later sections. 

7.4.1 Monitoring Location Rationale and Description 
The surface water monitoring locations were selected to bracket upstream and downstream 
historical and potential future mining activities. The 32 EFSFSR and tributary monitoring locations, 
site descriptions, and site selection rationales are summarized in Table 7-6. In addition, 23 seeps, 
ponds, and adit seep sites (both natural and anthropogenic) have been sampled to characterize 
contributions to the surficial flow system from these sources; a summary and description of the seep 
and pond monitoring locations are provided in Table 7-7. Monitoring locations in the Project Area are 
shown on Figure 7-7 with tributary drainage areas and legacy mine features. Legacy features are 
discussed in Section 2. Sample IDs are not included on the map so locations relative to mine 
features and drainages can be readily seen. Sample IDs are provided on later figures when data is 
presented. 

Surface water monitoring locations and identifiers are consistent with the Phase II Environmental 
Analysis and Review (Millennium Science and Engineering, Inc. [MSE] 2011). Sample identifiers 
follow this format: “YP--letter descriptor (SR, T, M, SEBS, HP, S, AS)--series number, where: 

 YP = Yellow Pine project (former project name) 

 SR = EFSFSR  

 T = Tributary of the EFSFSR  

 M = Miscellaneous (predominantly mine features) 

 SEBS = Southeast Bradley dump seep 

 HP = Homestake Pit seep 

 S = Seep 

 AS = Adit seep 
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Table 7-6. Surface Water Tributary Sampling Locations and Selection Rationale 

Monitoring Location ID a STORET Number b Location Site Description  Legacy Upstream Activities c Potential Future Upstream SGP 
Activities Additional Rationale Watershed 

YP-SR-14 None EFSFSR, above Fern Creek EFSFSR upstream of Fern Creek 
confluence  None None  

Upstream of confluence of Fern Creek, 
which originates in the abandoned Fern 
Mine 

EFSFSR 

YP-T-44 None Fern Creek Fern Creek downstream of Fern Mine Fern Mine  None 
Downstream of abandoned Fern 
mercury mine, upstream of confluence 
with EFSFSR 

EFSFSR 

YP-SR-13 None EFSFSR, above Rabbit Creek EFSFSR upstream of Rabbit Creek 
confluence Fern Mine  None  

Downstream of abandoned Fern 
mercury mine, upstream of mineralized 
and undisturbed tributary, upstream of 
future mining activities 

EFSFSR 

YP-T-21 None Rabbit Creek 
Unnamed tributary to EFSFSR (locally 
known as Rabbit Creek), north of FS 
375 

None Rabbit exploration area Mineralized but less disturbed tributary, 
has limited past water quality data  EFSFSR 

YP-SR-11 2040315 EFSFSR above Meadow Creek  EFSFSR near USGS gaging station 
above Meadow Creek None Rabbit exploration area Located near new USGS gaging station, 

has past water quality data  EFSFSR 

YP-T-45 None North fork Meadow Creek North fork of Meadow Creek near old 
jeep trail None None Upstream of potential future tailings 

impoundment Meadow Creek 

YP-T-46 None South fork Meadow Creek South fork of Meadow Creek None None Upstream of potential future tailings 
impoundment Meadow Creek 

YP-T-33 2040320 Meadow Creek above SODA Meadow Creek, upstream of SODA and 
former pond None Hangar Flats development rock storage 

facility 
Locate near new USGS gaging station, 
has past water quality data  Meadow Creek 

YP-T-43 None Meadow Creek above Keyway Marsh Meadow Creek, immediately upstream 
of Keyway Marsh  

SODA; Meadow Creek smelter tailings; 
petroleum-contaminated land farm 

Hangar Flats development rock storage 
facility 

Discern between SODA and Keyway 
Marsh impacts Meadow Creek 

YP-T-27 2040368 Meadow Creek below Keyway Marsh Meadow Creek downstream of Keyway 
Marsh and upstream of Blowout Creek 

SODA; Meadow Creek smelter tailings; 
Keyway; petroleum-contaminated land 
farm 

Hangar Flats development rock storage 
facility Has past water quality data  Meadow Creek 

YP-T-29 None Blowout Creek  Blowout Creek (officially known as East 
Fork Meadow Creek) on debris fan Reservoir for hydroelectric power Blowout Creek borrow and restoration 

area Has past water quality data  Meadow Creek 

YP-T-22 2040319 Meadow Creek above EFSFSR Meadow Creek downstream of Blowout 
Creek and at east end of airstrip 

Meadow Creek Mine, mill, smelter, rock 
dump; Bradley tailings; SMI leach pads; 
Hecla heap leach and processing 
facilities; Keyway Marsh; fuel tank 

Hangar Flats Development Rock 
Storage Facility Has past water quality data  Meadow Creek 

YP-SR-10 2040365 EFSFSR below Meadow Creek  EFSFSR by box culvert and USGS gaging 
station 13311000 

Bradley tailings, SMI leach pads, 
processing facilities and all other 
impacts listed for YP-T-22; above 
ground storage tank 

Hangar Flats potential pit Located near USGS gaging station, has 
past water quality data  EFSFSR 

YP-T-35 2040318 Garnet Creek Garnet Creek south of Midas Gold shop SMI Garnet Pit, landfill and ammonium 
nitrate-fuel oil storage None Has past water quality data  EFSFSR 

YP-T-15 None Scout Creek 
Unnamed drainage immediately north 
of Midas Gold shop, draining the Scout 
prospect 

Possibly Garnet Pit—needs field 
verification of drainage Scout exploration area Has limited past water quality data  EFSFSR 

YP-SR-8 2040310 EFSFSR above Fiddle Creek EFSFSR downstream of Garnet Creek 
and DMEA, upstream of Fiddle Creek  

BMI DMEA mine adit and dump, 
sawmill, recreation hall, service station; 
SMI shop, AST, crusher area, pilot plant 
and camp; Hecla equipment area and 
camp 

All those listed above Has past water quality data  EFSFSR 

I Brown ANo Caldwell I 



Stibnite Gold Project | Water Resources Summary Report Section 7 

 

 7-19 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

Table 7-6. Surface Water Tributary Sampling Locations and Selection Rationale 

Monitoring Location ID a STORET Number b Location Site Description  Legacy Upstream Activities c Potential Future Upstream SGP 
Activities Additional Rationale Watershed 

YP-T-12 None Upper Fiddle Creek Fiddle Creek upstream of North Tunnel None Fiddle Creek Development Rock 
Storage Facility Has limited past water quality data  EFSFSR 

YP-T-11 None Lower Fiddle Creek Fiddle Creek upstream of FS 412 SMI North Tunnel Mine and North Camp Fiddle DRSF Has limited past water quality data  EFSFSR 

YP-SR-6 None EFSFSR above Yellow Pine Pit EFSFSR downstream of Fiddle Creek 
and upstream of Midnight Creek SMI Monday Camp All those listed above Has limited past water quality data  EFSFSR 

YP-T-10 2040321 Lower Midnight Creek Midnight Creek along old lower haul 
road 

SMI Midnight and Southwest Extension 
pits West End pit Has past water quality data  EFSFSR 

YP-T-42 None Upper Midnight Creek Midnight Creek immediately upstream 
of old upper haul road None None (Control) Upstream of past activities and 

potential future mining activities EFSFSR 

YP-T-41 None Hennessy Creek 
Unnamed tributary to EFSFSR (locally 
Hennessy Creek), upstream of water 
withdrawal point 

None Fiddle DRSF MGII water right EFSFSR 

YP-SR-4 2040308 EFSFSR below Yellow Pine Pit EFSFSR downstream of Yellow Pine Pit 
and upstream of Sugar Creek 

BMI Yellow Pine Pit, southeast and 
northwest Bradley rock dumps, Monday 
Camp rock dump, Bailey Tunnel Collar 

Yellow Pine pit Located near new USGS gaging station, 
has past water quality data  EFSFSR 

YP-T-8A None Sugar Creek, uppermost site Sugar Creek at downstream end of 
broad meadow Cinnabar Mine None Has limited past water quality data  Sugar Creek 

YP-T-7 2040309 Sugar Creek above West End Creek Sugar Creek upstream of West End 
Creek confluence Bonanza Adit None Has past water quality data  Sugar Creek 

YP-T-6 2040317 Lower West End Creek West End just upstream of Sugar Creek 
confluence SMI West End pits and rock dumps West End pit Has past water quality data  Sugar Creek 

YP-T-49 None Middle West End Creek West End Creek downstream of 
uppermost West End rock dump SMI West End pits and rock dumps West End pit Has limited past water quality data Sugar Creek 

YP-T-37 None Upper West End Creek West End Creek upstream of uppermost 
West End rock dump None None (control) Has limited past water quality data  Sugar Creek 

YP-T-1 2040316 Sugar Creek above EFSFSR Sugar Creek upstream of EFSFSR 
confluence and FS 412 

Bailey Tunnel Outlet; BMI NE Bradley 
Tailings; Hecla Homestake Pit Yellow Pine and West End pits Located near new USGS gaging station, 

has past water quality data  Sugar Creek 

YP-T-48 None Lower Hennessy Creek 
Unnamed tributary to EFSFSR (locally 
Hennessy Creek), upstream of EFSFSR 
confluence 

NW Bradley rock dumps Yellow Pine pit Downstream of past activities EFSFSR 

YP-SR-2 2040314 EFSFSR below Sugar Creek EFSFSR, downstream of Sugar Creek 
confluence and by mile marker 10 

All those listed above; as well as USFS 
repository All those listed above Location near USGS gaging station, has 

past water quality data  EFSFSR 

YP-T-40 None Salt Creek Salt Creek, north of FS 412 None None (control) 
Mineralized but undisturbed tributary 
that represents mineralized baseline, 
has limited past water quality data  

EFSFSR 

a Naming convention source: (MSE 2011b). YP = Yellow Pine project (old project name); S =seep; AS =adit seep; T = Tributary to EFSFSR; SR = EFSFSR site; SEBS = Southeast Bradley dump seep site; HP = Homestake Pit seep site; M= Miscellaneous, mostly legacy mine-related; 7 = assigned number 
b Source: (IDEQ 1996). STORET is EPA’s data repository for water quality, biological and physical data used by state and federal agencies and other entities. The STORET number is equivalent to a site name specific to the STORET system. 
c Source: (MSE 2011). 
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Table 7-7. Adit Seep and Seep Sampling Location Descriptions 

Monitoring 
Location ID Station Location  Site Description Watershed Natural (N) or  

Man-made (M) Location 
Adit Seep Sites 
YP-AS-1 Bonanza adit seep  North side of Sugar Creek, between meadow and West End Creek confluence Sugar Creek M 

YP-AS-2 Bailey Tunnel adit seep South side of Sugar Creek between EFSFSR and West End Creek confluences Sugar Creek M 

YP-AS-3 Monday Tunnel adit seep On Monday Camp flat, south of Yellow Pine Pit on west side of EFSFSR EFSFSR M 

YP-AS-4 Cinnabar Tunnel adit seep South of Midnight Creek and Yellow Pine Pit on east side of EFSFSR EFSFSR M 

YP-AS-5 North Tunnel adit seep Downstream of pond and on south side of Fiddle Creek EFSFSR M 

YP-AS-6 DMEA adit seep Hillside west of EFSFSR and FS 412, north of the confluence with Garnet Creek EFSFSR M 

YP-AS-7 Meadow Creek Mine adit seep  On hillside above heap leach pad Meadow Creek M 

Seep and Pond Sites  
YP-HP-S1 Homestake Pit seep Outlet from lowest pond in the Homestake Pit Sugar Creek M 

YP-M-3 Settling pond on northeast corner of SODA Small settling pond at northeast corner of SODA, adjacent to Keyway Marsh; pond is sampled 
rather than flow into pond Meadow Creek M 

YP-M-4 Fiddle Creek pond Pond on upstream side of breached dam on Fiddle Creek; Fiddle Creek flows through pond EFSFSR M 

YP-S-1 Hillside seep by Sugar Creek  North side of Sugar Creek and FS 412, near EFSFSR confluence Sugar Creek N 

YP-S-2 Meadow Creek Fault seep  Halfway up Hangar Flats hillslope Meadow Creek N 

YP-S-3 Garnet Pit seep  Seep on open slope downhill from the Garnet Pit EFSFSR M 

YP-S-5 Smelter Flats seep Seep near former Bailey tailings pond next to former mill and smelter  Meadow Creek M 

YP-S-6 South Keyway Dam seep East side of SODA berm, adjacent to large marsh east of SODA on Hangar Flats Meadow Creek M 

YP-S-7 Middle Keyway Dam seep  East side of SODA berm, adjacent to large marsh east of SODA on Hangar Flats Meadow Creek M 

YP-S-8 North Keyway Dam seep  East side of SODA berm, adjacent to large marsh east of SODA on Hangar Flats Meadow Creek M 

YP-S-9 Old haul road seep  Hillside seep between Garnet and Midnight creeks on old upper haul road EFSFSR N 

YP-S-10 Keyway Marsh outlet Outlet from large marsh east of SODA on Hangar Flats Meadow Creek N 

YP-SEBS-1 North/southeast Bradley rock dump seep  Seep from bench at northeast corner of Yellow Pine Pit EFSFSR M 

YP-SEBS-2 South/southeast Bradley rock dump seep  Seep from bench on eastern side of Yellow Pine Pit EFSFSR M 

YP-T-17a DMEA rock dump seep  Seep on west side of FS 412 from toe of DMEA rock dump EFSFSR M 

YP-T-23Aa Heap leach seep  Seep from southwest corner of heap leach on Hangar Flats Meadow Creek M 
 Naming convention source: (MSE 2011b).  
a These site identifiers are exceptions to the naming convention for seeps and have “T” instead of “S” as the descriptor. 
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7.4.2 Frequency of Monitoring 
Surface water monitoring began in April 2012 and is ongoing; results through February 2016 are 
discussed in this WRSR based on the Surface Water Quality Baseline Study (HDR 2017b). Frequency 
of monitoring at the 55 surface water locations has been determined by the needs of the project and 
the QAPP-SWQSP, which was revised annually to meet data quality objectives (HDR 2014, 2015, 
2016a, 2017b).  

From April 2012 through July 2014, conditions permitting, surface water, adit seep, and seep 
locations were visited monthly or quarterly to measure six field parameters and flow, and to take 
pictures and document field observations. The EFSFSR and tributary surface water locations were 
sampled monthly during this period; the adit seep or seep locations were sampled quarterly during 
this period. Non-quarterly samples were analyzed for a reduced suite of 41 constituents, and 
quarterly samples were analyzed for a full suite of 68 constituents (the 41 monthly constituents plus 
an additional 27 constituents).  

From August 2014 through February 2016, all surface water locations were sampled on a quarterly 
basis for the full suite of constituents. Frequency of monitoring for individual locations for the period 
from April 2012 through February 2016 is presented in Table 7-8. 
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Table 7-8. Surface Water Monitoring Frequency 

Monitoring 
Location 2012 2013 2014 2015 2016 

ID J F M A  M J J A S O N D J F M A  M J J A S O N D J F M A  M J J A S O N D Q1 Q2 Q3 Q4 Q1 

EFSFSR Sampling Locations 

YP-SR-14           X      X X X X X X X  X  X X X X X X   X  X X X X X 

YP-SR-13      X X X X X X X X X X X X X X X X X X  X X X X X X X X   X  X X X X X 

YP-SR-11      X X X X X X X X X X X  X X X X X X X X X X X X X X X   X  X X X X X 

YP-SR-10       X X X X X X X X X X  X X X X X X X X X X X X X X X   X  X  X X X 

YP-SR-8       X X X X X X  X X X   X X X X X    X X X  X    X  X  X X X 

YP-SR-6        X X X X X X X X X   X X X X X X X X X X   X X   X  X  X X X 

YP-SR-4        X X X X X X X X X   X X X X X X X X X X    X   X  X  X X X 

YP-SR-2        X X X X X X X X    X X X X X  X X X X    X   X  X  X X X 

EFSFSR Tributary Sampling Locations 

YP-T-49                                      X X X  

YP-T-48                          X X X X X X X   X  X X X X X 

YP-T-47           X                               

YP-T-46           X       X X X X         X X X       X   

YP-T-45           X      X X X X X X       X X X X   X   X X X  

YP-T-44           X       X X X X X X X X X   X X X X   X  X X X X X 

YP-T-43                          X X X X X X X   X X X X X X X 

YP-T-42     X X X X X X X     X X X X X X X X      X X X X   X   X X   

YP-T-41    X X X X X X X X X X X X X X X X X X X X  X X X X X X X X   X  X X X X X 

YP-T-40    X X X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-37     X X X X X X X      X X X X X X X       X X X   X    X   
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Table 7-8. Surface Water Monitoring Frequency 

Monitoring 
Location 2012 2013 2014 2015 2016 

ID J F M A  M J J A S O N D J F M A  M J J A S O N D J F M A  M J J A S O N D Q1 Q2 Q3 Q4 Q1 

YP-T-35    X X X X X X X X X  X X X X X X X X X X     X X X X X   X  X X X X X 

YP-T-33      X X X X X X X X X X   X X X X X X  X X X X X X X X   X  X X X X X 

YP-T-29    X X X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-27      X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-22      X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-21    X X X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-15    X X X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-12     X X X X X X X      X X X X X X X      X X  X   X  X X X X X 

YP-T-11    X X X X X X X X X X X X X X X X X X X X  X X X X X X X X   X  X X X X X 

YP-T-10    X X X X X X X X X X X X X X X X X X X X X X  X X X X X X   X  X X X X X 

YP-T-8A                         X X X   X X X   X  X X X  X 

YP-T-7      X X X X X X X X X X X  X  X X X X X X X X X   X X   X  X   X X 

YP-T-6     X X X X X X X X X X X X X X X X X X X X X X X X X X X X   X  X X X X X 

YP-T-1      X X X X X X X X X X X  X X X X X X  X X X X X X X X   X  X X X X X 

 Seep Sampling Locations 

YP-SEBS-2      X  X   X      X   X   X      X   X   X   X X   

YP-SEBS-1      X  X   X      X   X   X      X   X   X   X X   

YP-S-10     X   X   X   X   X   X   X      X   X   X  X X X X X 

YP-S-9      X  X   X      X   X   X      X   X   X   X X   

YP-S-8      X  X   X   X   X   X   X   X   X   X     X X X X  

YP-S-7     X X X X X X X   X X X X X X X X X X X X  X X X X X X   X  X X X X X 

I I 
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Table 7-8. Surface Water Monitoring Frequency 

Monitoring 
Location 2012 2013 2014 2015 2016 

ID J F M A  M J J A S O N D J F M A  M J J A S O N D J F M A  M J J A S O N D Q1 Q2 Q3 Q4 Q1 

YP-S-6     X         X                            

YP-S-5     X            X      X      X      X       

YP-S-3     X   X   X      X   X   X      X   X   X   X X   

YP-S-2     X            X            X        X X    

YP-S-1     X   X   X   X   X            X   X     X X    

YP-T-17     X   X   X   X   X   X   X   X  X    X   X  X X  X X 

YP-T-23/23A*    X X X X     X  X X X X X    X     X X X X X      X X    

YP-HP-S1     X            X            X        X X    

Adit Seep Sampling Locations 

YP-AS-7     X   X         X            X   X     X X    

YP-AS-6     X   X   X   X   X   X    X     X   X   X  X X X X X 

YP-AS-5     X                                     

YP-AS-4     X   X   X   X   X   X    X  X   X   X   X  X X X X X 

YP-AS-3     X   X   X   X   X   X    X  X   X   X   X  X X X X X 

YP-AS-2     X   X   X   X   X   X    X  X   X   X   X  X X X X X 

YP-AS-1     X   X   X      X   X    X     X   X   X  X X X   

Pond Sampling Locations 

YP-M-3     X   X   X   X   X   X   X   X   X   X   X  X X X X X 

YP-M-4        X X X X      X X X X X X X      X X X X   X  X X X X X 

*ID changed from YP-T-23 to YP-T-23A after first sampling event in April 2012.
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7.5 Surface Water Flow 
Surface water flows in the EFSFSR, flows in the tributaries to the EFSFSR, and discharges from 
seeps/springs were compiled and assessed and are provided in this section. USGS gaging station 
data are discussed in Section 7.5.1. Streamflow and seep data, generated during the baseline 
monitoring program, are discussed in Section 7.5.2. An analysis of gaining and losing reaches in the 
EFSFSR and selected tributaries is provided in Section 7.5.3. 

7.5.1 USGS Gaging Station Results 
The streamflow gaging station data and drainage area statistics discussed in this section are derived 
from active and inactive USGS gaging stations. The locations of the USGS surface water gaging 
stations in the region are shown on Figure 7-8.  
  

I Brown ANo Caldwell I 



Project No: 150691

!H

!H#0

#0

#0#0

#0
#0

East F ork SouthFork Sa lmon R iver

East Fork SouthF ork Salmon River

JohnsonCr eek

Mead ow Cre
ek

13313000

13311450
13311250

13311000
13310800

13310850

13311500

13312000

2690000

2690000

2700000

2700000

2710000

2710000

2720000

2720000

2730000

2730000

2740000

2740000

2750000

2750000

11
50

00
0

11
50

00
0

11
60

00
0

11
60

00
0

11
70

00
0

11
70

00
0

11
80

00
0

11
80

00
0

11
90

00
0

11
90

00
0

12
00

00
0

12
00

00
0

12
10

00
0

12
10

00
0

12
20

00
0

12
20

00
0

12
30

00
0

12
30

00
0

Legend
Study Area
Project Area
Rivers/Streams

#0 USGS Active Gaging Station
!H USGS Inactive Gaging Station

Basemap: Aerial Photo, 2015

Client: Midas Gold

Date: 6/29/2017

Path: Bcboi02\\\bcboifp01\gis \PROJECTS\Midas Gold\BC Maps\WRSR \Fig7-8_USGSGagingStat ions_RegionalScale_8.5x11_20170516.mxd

¯
0 10,0005,000

Feet

Figure 7-8
USGS Gaging Stations in the Region

Water Resources Summary Report
Stibnite Gold Project

I Brown ANo i 
Caldwell. 



Stibnite Gold Project | Water Resources Summary Report Section 7 

 

 7-27 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

A total of nine USGS streamflow gages provide regional and site-specific data to characterize the 
EFSFSR and tributaries from the headwaters (southeast of the Project Area) down to the EFSFSR 
confluence with Johnson Creek (Figure 7-8). The gage on the South Fork of the Salmon River 
(13310700) is beyond the Figure 7-8 map extent so is not shown, but is included in tables and on 
select hydrographs in this section for comparison purposes. 

The total drainage area for each gage, period of record, and flow statistics are summarized in 
Table 7-9. The gages are listed in order from upstream to downstream, and include gages located on 
major tributaries to the EFSFSR (Meadow Creek, Sugar Creek, and Johnson Creek) as well as the 
gage on the South Fork of the Salmon River, upstream of the confluence with the EFSFSR. Two of the 
gages in the Project Area became inactive in the early 1940s (Table 7-9). Four of the gages were 
installed by USGS for Midas Gold in September 2011 to provide additional monitoring points in the 
District: 13310800 on the EFSFSR above Meadow Creek, 13310850 on upper Meadow Creek, 
13311250 on the EFSFSR above Sugar Creek, and 13311450 on Sugar Creek.  

The longest period of record in the Project Area is for the active gage on the EFSFSR near Stibnite 
(13311000). This gage recorded flow for three separate time periods beginning in 1928, and is 
currently active. The hydrograph depicting average daily streamflow at USGS gage 13311000 is 
presented on Figure 7-9 and reflects a very consistent pattern of streamflow: low flow below 
10 cubic feet per second (cfs) in the late winter and early spring, with runoff flows greater than 100 
cfs starting in April–May. Throughout the period of record, and easier to see during the 2010–16 
period, are annual fall/winter storms (Figure 7-10). 
 

Table 7-9. Period of Record, Drainage Area, and Flow Statistics—USGS Gaging Stations 

Gage Number Gage Name Drainage Area 
(square miles) 

Min. 
(cfs) 

Max. 
(cfs) 

Mean 
(cfs) 

Median 
(cfs) 

Period of Record 
(total years 
monitored) 

13310850 Meadow Creek near Stibnite, 
Idaho  

5.6 1.37 118 10.27 3.95 09/2011–present 
(5 years) 

13310800 EFSFSR above Meadow 
Creek near Stibnite, Idaho 

9.0 2.91 110 11.52 5.75 09/2011–present 
(5 years) 

13311000 EFSFSR at Stibnite, Idaho 19.3 3.50 413 31.50 13.00 1928–1943 
1982–1997 

2010–present  
(36 years) 

13311450 Sugar Creek near Stibnite, 
Idaho 

18.0 4.78 251 25.58 11.60 09/2011–present 
(5 years) 

13311250 EFSFSR above Sugar Creek 
near Stibnite, Idaho 

25.0 4.39 361 37.96 16.00 09/2011–present 
(5 years) 

13311500 EFSFSR near Stibnite, Idaho 
a 

43.0 10.00 783 50.39 20.00 06/1928–
09/1941  
(13 years) 

13312000 EFSFSR near Yellow Pine, 
Idaho a 

107.0 28.00 1,660 142.40 59.00 08/1928–
07/1943  
(13 years) 

13313000 Johnson Creek at Yellow 
Pine, Idaho 

218.0 28.00 5,440 342.51 106.00 09/1928–present 
(88 years) 

13310700 South Fork Salmon River 
near Krassel Ranger Station, 
Idaho  

330.0 58.00 6,200 534.50 210.00 10/1966–present 
(50 years) 

a Inactive. 
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Figure 7-9. Long-term hydrograph for average daily streamflow at USGS gage 13311000, EFSFSR near 

Stibnite, Idaho  
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Figure 7-10. Streamflow for active USGS gaging stations in the region 2011–16 

 

The average monthly discharge for gaging stations in the Study Area for the period of record listed in 
Table 7-9 is plotted on Figure 7-11. The dominant high-flow period is clearly shown as beginning in 
April, and peak flows occur in May and June with the falling limb of the hydrograph extending into 
August. The fall/winter storms manifest as a slight upward increase in October at the Meadow Creek 
gage, the Sugar Creek gage, and the EFSFSR gage above Sugar Creek. 

Additional discussion, including instantaneous flow measurements and peak flow statistics for all 
gages, are presented in detail in the Surface Water Hydrology Baseline Study (HydroGeo, Inc. 
2012c). 
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Figure 7-11. Average monthly discharge at USGS gaging stations in the Project Area 

7.5.2 Streamflow and Seep Discharge – Baseline Monitoring  
Streamflow data collected during baseline monitoring is measured on the same schedule as the 
water quality sampling, immediately after the samples are collected (Table 7-8). Flow is measured 
using the mid-section method and a velocity meter along a transect for streams with moderate to 
high flows; for streams with very low flows and for adit seeps and seeps, graduated buckets in 
various sizes (1 quart, 1 gallon, 2 gallons, and 5 gallons) are used to measure flow. 

The long-term data set resulting from baseline streamflow measurements provides a synoptic 
perspective on the surficial flow system in the Study Area, particularly during low-flow periods. Higher 
flows posing a safety issue for field staff are not reflected in this data set, and thus the hydrographs 
developed from these measurements do not include high-flow periods and storm events that are 
evident in the USGS gage data (Section 7.3.2). Statistics on streamflow measurements by location 
from field events between 2012 and early 2016 are presented in Table 7-10; seep discharge 
statistics are provided as Table 7-11. The data are useful for assessing contributions of flow from 
tributaries and seeps, for conceptualization of the surficial flow system, and for the gain-loss analysis 
presented in Section 7.6. Surface water flow hydrographs for the monitoring locations listed in 
Tables 7-10 and 7-11 are provided in Appendix B-1.  
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Table 7-10. Streamflow Statistics at Surface Water Sampling Sites 

Monitoring Location 
ID Stream Minimum 

(cfs)  
Maximum 

(cfs) 
Median 

(cfs) 
Mean  
 (cfs) 

YP-SR-2 EFSFSR 8.97 74.56 26.49 31.31 

YP-SR-4 EFSFSR 7.67 37.84 13.69 16.92 

YP-SR-6 EFSFSR 8.00 50.76 14.39 20.38 

YP-SR-8 EFSFSR 5.88 61.08 13.46 19.33 

YP-SR-10 EFSFSR 6.23 106.21 12.76 23.97 

YP-SR-11 EFSFSR 3.32 40.67 5.37 10.41 

YP-SR-13 EFSFSR 2.05 54.92 4.64 11.56 

YP-SR-14 EFSFSR 0.48 22.25 1.12 4.47 

YP-T-1 Sugar Creek 5.71 78.06 11.59 21.24 

YP-T-6 West End Creek 0.16 1.68 0.39 0.51 

YP-T-7 Sugar Creek 5.25 34.12 9.89 12.51 

YP-T-8A Sugar Creek 4.61 77.36 8.32 19.27 

YP-T-10 Midnight Creek 0.15 2.62 0.34 0.67 

YP-T-11 Fiddle Creek 0.22 20.57 0.80 3.30 

YP-T-12 Fiddle Creek 0.15 17.87 0.88 3.59 

YP-T-15 Scout Creek 0.04 0.62 0.10 0.15 

YP-T-21 Rabbit Creek 0.22 3.47 0.63 0.95 

YP-T-22 Meadow Creek 3.91 86.61 7.23 17.94 

YP-T-27 Meadow Creek 2.78 76.45 5.60 14.86 

YP-T-29 East Fork Meadow Creek 0.78 24.45 1.81 4.69 

YP-T-33 Meadow Creek 1.96 41.13 3.80 9.22 

YP-T-35 Garnet Creek 0.01 1.16 0.07 0.19 

YP-T-37 West End Creek 0.003 0.12 0.01 0.03 

YP-T-40 Salt Creek 0.80 13.38 1.58 2.80 

YP-T-41 Hennessy Creek 0.15 7.37 0.33 1.25 

YP-T-42 Midnight Creek 0.12 3.59 0.50 0.99 

YP-T-43 Meadow Creek 1.97 49.00 4.89 13.48 

YP-T-44 Fern Creek 0.06 2.65 0.22 0.54 

YP-T-45 North Fork Meadow Creek 0.24 19.01 1.11 3.92 

YP-T-46 South Fork Meadow Creek 0.28 9.67 1.02 3.04 

YP-T-48 Hennessy Creek 0.09 5.09 0.38 1.00 

YP-T-49 West End Creek 0.37 1.37 0.39 0.71 
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Table 7-11. Seep Discharge Statistics by Location 

Monitoring Location ID Drainage Minimum (cfs) Maximum (cfs) Median (cfs) Mean (cfs) 

YP-AS-1 Sugar Creek 0.0003 0.09 0.002 0.01 

YP-AS-2 Sugar Creek 0.03 0.22 0.06 0.08 

YP-AS-3 EFSFSR 0.0005 0.03 0.002 0.005 

YP-AS-4 EFSFSR 0.015 0.30 0.07 0.10 

YP-AS-5 Fiddle Creek NM NM NM NM 

YP-AS-6 EFSFSR 0.0004 0.01 0.003 0.0043 

YP-AS-7 Meadow Creek 0.000012 0.0052 0.002 0.0023 

YP-HP-S1 Sugar Creek 0.0052 0.29 0.05 0.085 

YP-M-3 Meadow Creek 0.006 0.75 0.08 0.135 

YP-M-4 Fiddle Creek NM NM NM NM 

YP-S-1 Sugar Creek 0.00003 0.03 0.001 0.004 

YP-S-2 Meadow Creek 0.000003 0.02 0.0003 0.004 

YP-S-3 EFSFSR 0.005 0.23 0.04 0.05 

YP-S-5 Meadow Creek 0.002 0.04 0.01 0.02 

YP-S-6 Meadow Creek 0.0003 0.006 0.0036 0.0036 

YP-S-7 Meadow Creek 0.007 0.01 0.01 0.01 

YP-S-8 Meadow Creek 0.0003 0.05 0.005 0.008 

YP-S-9 EFSFSR 0.0007 0.004 0.001 0.002 

YP-S-10 Meadow Creek 0.03 0.86 0.13 0.21 

YP-SEBS-1 EFSFSR 0.006 0.07 0.037 0.036 

YP-SEBS-2 EFSFSR 0.024 0.54 0.21 0.25 

YP-T-17 EFSFSR 0.0004 0.12 0.01 0.02 

YP-T-23A Meadow Creek 0.0003 0.05 0.01 0.02 

NM = Not measured. 

7.6 Gain-Loss Analysis 
An assessment of the interaction between surface water and groundwater in the Study Area was 
performed for this WRSR by identifying gaining and losing stream segments along the main stem of 
the EFSFSR and selected tributaries. Identification of gaining stream reaches (the aquifer system 
contributes to surface water flow) and losing stream reaches (surface water recharges the 
groundwater system) provides insight into the surface water flow system and supports the 
hydrogeologic conceptual site model. Quantifications of the magnitude of gain or loss during low-flow 
periods can be used to guide calibration of the groundwater model developed to assess impacts of 
the project.  
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The gain-loss analysis is based on field-measured flow collected in the Study Area from spring 2012 
through fall 2016; the goal of the analysis was to identify two separate time periods for quantifying 
gain-loss to provide points of comparison and increase confidence in the results.  

7.6.1 Method 
Potential time periods for the gain-loss survey were selected based on a visual review of the daily 
mean flow hydrographs at the five active USGS gages located in the Project Area (Figure 7-8). 
Streamflow hydrographs for the USGS gages are presented and discussed in Section 7.4, and 
indicate that late summer and fall are most representative of baseflow conditions.  

Once baseflow periods were identified, the late summer/fall timing was matched with the field 
events during which instantaneous flow measurements and surface water samples were collected. 
Out of this matching process, two week-long periods suitable for an analysis of gain-loss were 
identified: October 1 to 7, 2012, and August 13 to 19, 2015.  

Precipitation records were used to verify that flow conditions were as close as possible to baseflow 
for these periods. The rain gage used for the October 2012 and August 2015 data was a MesoWest 
data gage on-site in Stibnite (MesoWest 2017). No rain was recorded at this gage from October 1 to 
7, 2012. For 2015, 0.01 inch of rain was recorded from August 13 to 19 (MesoWest 2017). The 
USGS gages in the area indicate very minor flow variations during these time frames, as shown by 
the hydrographs for those 2 weeks (Figures 7-12 and 7-13) and flow statistics in Table 7-12. Due to 
the lack of significant precipitation or flow variations during these periods, they are interpreted to 
represent baseflow conditions.  

 
Figure 7-12. USGS gaging station streamflow from October 1–7, 2012 
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Figure 7-13. USGS gaging station streamflow from August 13–29, 2015 

 
Table 7-12. USGS Gaging Station Flow Statistics for the Gain-Loss Periods 

USGS Gage Number USGS Gage Name October 1–7, 2012 August 13–19, 2015 
Min. Max. Mean Min. Max. Mean 

13310800 EFSFSR above Meadow Creek near Stibnite, Idaho 5.20 5.30 5.29 4.67 5.00 4.80 
13311450 Sugar Creek near Stibnite, Idaho 7.60 7.70 7.64 8.77 9.34 9.02 
13311250 EFSFSR above Sugar Creek near Stibnite, Idaho 12.00 12.00 12.00 12.2 13.50 12.77 
13310850 Meadow Creek near Stibnite, Idaho 2.20 2.30 2.23 2.31 2.59 2.42 
13311000 EFSFSR at Stibnite, Idaho 11.00 11.00 11.00 10.5 11.4 10.91 

 

The flow measurements used for the gain-loss survey in October 2012 and August 2015 were 
collected in the field using a depth/velocity transect flow measurement for larger streams. This 
method establishes a transect perpendicular to streamflow and measures depth and velocity at 
select intervals with a tape measure, a top-setting wading rod, and velocity meter. Streamflow is 
computed using the mid-section method based on these data (Rantz et al. 1982). For smaller flow 
measurements (e.g., streams with very low flows and seeps) graduated buckets in various sizes 
(1 quart, 1 gallon, 2 gallons, and 5 gallons) are used to measure flow.  

The flow measurements on the main stem and tributaries of the EFSFSR used in the gain-loss 
analysis are summarized in Table 7-13. While flow measurements and water quality samples at 
these locations were collected within the same week, they were not always collected on the same 
day. However, measurement dates presented in Table 7-13 indicate that all flow data from the 
EFSFSR were collected during a 2-day period, and measurements for the two major tributaries 
(Meadow Creek and Sugar Creek) were collected within a 1- or 2-day window.  
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Table 7-13. Monitoring Locations Used to Analyze Gain-Loss 

Monitoring Location ID Stream 2012 Measurement 
Date 

2015 Measurement 
Date 

2012 Flow 
(cfs) 

2015 Flow 
(cfs) 

EFSFSR 
YP-SR-13 EFSFSR 10/1/2012 8/15/2015 4.06 4.24 
YP-SR-11 EFSFSR 10/1/2012 8/15/2015 5.4 5.01 
YP-SR-10 EFSFSR 10/2/2012 8/15/2015 11.71 11.47 
YP-SR-8 EFSFSR 10/2/2012 8/16/2015 9.97 10.93 
YP-SR-6 EFSFSR 10/2/2012 8/16/2015 13.19 14.39 
YP-SR-4 EFSFSR 10/2/2012 8/16/2015 12.37 12.95 
YP-SR-2 EFSFSR 10/2/2012 8/16/2015 20.98 22.32 

Tributaries 
YP-T-33 Meadow Creek 10/4/2012 8/18/2015 2.47 2.26 
YP-T-27 Meadow Creek 10/4/2012 8/17/2015 3.49 3.27 
YP-T-29 East Fork Meadow Creek 10/5/2012 8/17/2015 1.59 1.75 
YP-T-22 Meadow Creek 10/4/2012 8/17/2015 4.97 4.81 
YP-T-21 Rabbit Creek 10/1/2012 8/15/2015 0.8 0.65 
YP-T-35 Garnet Creek 10/4/2012 8/16/2015 0.01 0.02 
YP-T-42 Midnight Creek 10/3/2012 8/14/2015 0.38 0.31 
YP-T-10 Midnight Creek 10/3/2012 8/14/2015 0.42 0.33 
YP-T-12 Fiddle Creek 10/3/2012 8/17/2015 0.3 0.24 
YP-T-11 Fiddle Creek 10/3/2012 8/17/2015 0.49 0.38 
YP-T-41 Hennessy Creek 10/6/2012 8/19/2015 0.39 0.32 
YP-T-8A Sugar Creek 10/6/2012 8/13/2015 6.84 8.29 a 
YP-T-7 Sugar Creek 10/6/2012 8/13/2015 8.16 8.79 a 
YP-T-6 West End Creek 10/6/2012 8/13/2015 0.39 0.32 
YP-T-1 Sugar Creek 10/6/2012 8/13/2015 7.96 9.73 

a Estimated values, not used for calculating gain-loss. 

The use of USGS gage data for the gain-loss analysis was considered, in place of the baseline 
monitoring station flow measurements, as daily flow is monitored by USGS at five key locations along 
the stream reaches of interest and could be matched to the data collection time periods from the 
2012 and 2015 field events. A comparison of the field-measured flows versus the nearby USGS-
gaged flows for the time periods of interest indicate a close correlation between these two sources 
(Table 7-14), however there are differences that can likely be attributed to methodology. It was 
determined that the gain-loss analysis should rely solely on the field-measured flow event data set to 
maintain consistency in methods and allow for direct comparisons.  
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Table 7-14. Comparison of Baseline Field-Measured Flow with USGS Gage Data 

Monitoring Location ID a Stream 2012 
Measurement Date 

2015 
Measurement Date 2012 Flow (cfs) 2015 Flow 

(cfs) 
YP-T-33 Meadow Creek 10/4/2012 8/18/2015 2.47 2.26 

13310850 Meadow Creek 10/4/2012 8/18/2015 2.20 2.32 

YP-T-1 Sugar Creek 10/6/2012 8/13/2015 7.96 9.71 
1331450 Sugar Creek 10/6/2012 8/13/2015 7.60 9.34 

YP-SR-11 EFSFSR 10/1/2012 8/15/2015 5.40 5.01 
13310800 EFSFSR 10/1/2012 8/15/2015 5.30 4.85 

YP-SR-10 EFSFSR 10/2/2012 8/15/2015 11.71 11.47 
13311000 EFSFSR 10/2/2012 8/15/2015 11.00 11.00 

YP-SR-4 EFSFSR 10/2/2012 8/16/2015 12.37 12.95 
13311250 EFSFSR 10/2/2012 8/16/2015 12.00 12.80 

aLocation IDs beginning with “YP-T” or “YP-SR” indicate baseline field-measured flow sites; numeric site IDs beginning with “133” are 
USGS gaging stations. 

7.6.2 Results 
Six reaches along the EFSFSR and select reaches along tributaries (Meadow Creek, Fiddle Creek, 
Midnight Creek, and Sugar Creek) were used in the gain-loss analysis. Calculations of the gain or loss 
in each reach are provided in Tables 7-15 through 7-18. Measured flows along the main stem of the 
EFSFSR during these time periods ranged from 4.06 cfs at the upstream location above the 
confluence with Meadow Creek (YP-SR-13) to 22.32 cfs at the downstream location below the 
confluence with Sugar Creek (YP-SR-2). 

The magnitude of the gain or loss was calculated between main stem EFSFSR monitoring locations, 
including any tributary flows; gain or loss magnitude was also calculated for major tributaries when 
two or more measurements were available. All results are presented in Tables 7-15 through 7-18 
and results considered to be within the range of measurement error are flagged. Measurement error 
was evaluated on a case-by-case basis based on several factors: the magnitude of the flows (higher 
flows = larger potential absolute measurement error), the distance between stations, and the 
potential for unmeasured small tributaries between stations. Along the EFSFSR, calculated gain or 
loss greater than or equal to 0.5 cfs was considered valid; for smaller tributaries, the same cutoff 
was applied except for the low-flow reach along Fiddle Creek, which reflected a consistent gain of a 
relatively small magnitude in both 2012 and 2015. 

Once tabulated, flow data measurements and the magnitude of the gain or loss for the reaches 
evaluated were posted on maps of the stream hydrology to provide a visual summary of gaining and 
losing reaches (Figures 7-14 and 7-15).  
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Table 7-15. EFSFSR Gain-Loss: October 1–7, 2012 

Station Main 
Stem 

Station 
Tributary Stream Date Measured Main 

Stem Flow (cfs) 
Measured Tributary Flow 

(cfs) 
Gain-loss 

(cfs) 
EFSFSR 

YP-SR-13  EFSFSR 10/1/2012 4.06   
 YP-T-21 Rabbit Creek 10/1/2012  0.8  

YP-SR-11  EFSFSR 10/1/2012 5.4  0.54 
 YP-T-22 Meadow Creek 10/4/2012  4.97  

YP-SR-10  EFSFSR 10/2/2012 11.71  1.34 
 YP-T-35 Garnet Creek 10/4/2012  0.01  

YP-SR-8  EFSFSR 10/2/2012 9.97  -1.75 
 YP-T-11 Fiddle Creek 10/3/2012  0.49  

YP-SR-6  EFSFSR 10/2/2012 13.19  2.73 
 YP-T-10 Midnight Creek 10/3/2012  0.42  

YP-SR-4  EFSFSR 10/2/2012 12.37  -1.24 
 YP-T-1 Sugar Creek 10/6/2012  7.96  
 YP-T-41 Hennessy Creek 10/6/2012  0.39  

YP-SR-2  EFSFSR 10/2/2012 20.98  0.26 

Notes: 
Negative gain-loss values in red represent losing stream reaches.  
Positive gain-loss values in blue represent gaining stream reaches. 
Shaded gain-loss values are within the estimated measurement error for the stations, based on the magnitude of the flows (higher flows 
= larger absolute measurement error), distance between stations, and the potential for unmeasured small tributaries between the 
stations. 
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Table 7-16. Tributary Gain-Loss: October 1–7, 2012 

Station Main 
Stem 

Station 
Tributary  Stream Date Measured Main Stem 

Flow (cfs) 
Measured Tributary 

Flow (cfs) 
Gain-loss 

(cfs) 
Meadow Creek 

YP-T-33  Meadow Creek 10/4/2012 2.47   

YP-T-27  Meadow Creek 10/4/2012 3.49   

 YP-T-29 East Fork Meadow Creek 10/5/2012  1.59  

YP-T-22  Meadow Creek 10/4/2012 4.97  -0.11 

Fiddle Creek 

YP-T-12  Fiddle Creek 10/3/2012 0.3   

YP-T-11  Fiddle Creek 10/3/2012 0.49  0.19 

Midnight Creek 

YP-T-42  Midnight Creek 10/3/2012 0.38   

YP-T-10  Midnight Creek 10/3/2012 0.42  0.04 

Sugar Creek 

YP-T-8A  Sugar Creek 10/6/2012 6.84   

YP-T-7  Sugar Creek 10/6/2012 8.16  1.32 
 YP-T-6 West End Creek 10/6/2012  0.39  

YP-T-1  Sugar Creek 10/6/2012 7.96  -0.59 

Notes: 
Negative gain/loss values in red represent losing stream reaches. 
Positive gain/loss values in blue represent gaining stream reaches. 
Shaded gain-loss values are within the estimated measurement error for the stations, based on the magnitude of the flows (higher flows = 
larger absolute measurement error), distance between stations, and the potential for unmeasured small tributaries between the stations. 
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Flow Measurements and Monitoring Locations 
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Table 7-17. 2015 EFSFSR Gain-Loss: August 13–19, 2015 

Station Main 
Stem 

Station 
Tributary Stream Date Measured Main 

Stem Flow (cfs) 
Measured Tributary 

Flow (cfs) Gain-loss (cfs) 

YP-SR-13  EFSFSR 8/15/2015 4.24   

 YP-T-21 Rabbit Creek 8/15/2015  0.65  

YP-SR-11  EFSFSR 8/15/2015 5.01  0.12 
 YP-T-22 Meadow Creek 8/17/2015  4.81  

YP-SR-10  EFSFSR 8/15/2015 11.47  1.65 
 YP-T-35 Garnet Creek 8/16/2015  0.02  

YP-SR-8  EFSFSR 8/16/2015 10.93  -0.56 
 YP-T-11 Fiddle Creek 8/17/2015  0.38  

YP-SR-6  EFSFSR 8/16/2015 14.39  3.08 
 YP-T-10 Midnight Creek 8/14/2015  0.33  

YP-SR-4  EFSFSR 8/16/2015 12.95  -1.77 
 YP-T-1 Sugar Creek 8/13/2015  9.73  

 YP-T-41 Hennessy Creek 8/19/2015  0.32  

YP-SR-2  EFSFSR 8/16/2015 22.32  -0.68 

Notes: 
Negative gain-loss values in red represent losing stream reaches. 
Positive gain-loss values in blue represent gaining stream reaches. 
Shaded gain-loss values are within the estimated measurement error for the stations, based on the magnitude of the flows (higher flows = 
larger absolute measurement error), distance between stations, and the potential for unmeasured small tributaries between the stations. 
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Table 7-18. Tributary Gain-Loss: August 13–19, 2015 

Station Main 
Stem 

Station 
Tributary Stream Date Measured Main 

Stem Flow (cfs) 
Measured Tributary 

Flow (cfs) 
Gain-loss 

(cfs) 
Meadow Creek 

YP-T-33  Meadow Creek 8/18/2015 2.26   

YP-T-27  Meadow Creek 8/17/2015 3.27   

YP-T-29  East Fork Meadow Creek 8/17/2015  1.75  

YP-T-22  Meadow Creek 8/17/2015 4.81  -0.21 

Fiddle Creek 
 YP-T-12 Fiddle Creek 8/17/2015  0.24  

 YP-T-11 Fiddle Creek 8/17/2015  0.38 0.14 

Midnight Creek 
 YP-T-42 Midnight Creek 8/14/2015 0.31   

 YP-T-10 Midnight Creek 8/14/2015 0.33  0.02 

Sugar Creek 

YP-T-8A  Sugar Creek 8/13/2015 8.29 a   

YP-T-7  Sugar Creek 8/13/2015 8.79 a  – 
 YP-T-6 West End Creek 8/13/2015  0.32  

YP-T-1  Sugar Creek 8/13/2015 9.73  – 

Notes: 
Negative gain-loss values in red represent losing stream reaches. 
Positive gain-loss values in blue represent gaining stream reaches. 
Shaded gain-loss values are within the estimated measurement error for the stations, based on the magnitude of the flows (higher flows = 
larger absolute measurement error), distance between stations, and the potential for unmeasured small tributaries between the stations. 
a Estimated values, not used for calculating gain-loss. 
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7.6.3 Gain-Loss Summary 
The gain-loss assessment shows generally consistent results for 2012 and 2015. 

EFSFSR  
• The uppermost reach of the EFSFSR (above the confluence with Meadow Creek) had a gain of 

0.54 cfs in 2012 and a calculated gain of 0.12 cfs in 2015, although the latter was within 
measurement error.  

• Consistent results were obtained for 2012 and 2015 along the central reach of the EFSFSR from 
the confluence with Meadow Creek to just above the mouth of Sugar Creek. The EFSFSR through 
this central reach has gaining interspersed with losing reaches, with the highest-magnitude gain 
near Fiddle Creek.  

Meadow Creek. Meadow Creek between YP-T-27 and YP-T-22 showed losses in both years, but 
results were low enough to be within measurement error.  

Fiddle Creek. Fiddle Creek is slightly gaining with gains of 0.19 cfs in 2012 and 0.14 cfs in 2015.  

Midnight Creek. Midnight Creek is neither gaining nor losing.  

Sugar Creek. In 2012, the upstream reach of Sugar Creek was gaining (+1.32 cfs) and the 
downstream reach was losing (-0.59 cfs). The Sugar Creek flow data for 2015 were largely 
estimated, so were not used for calculations of gain-loss, thus results from 2015 could not be 
compared to results from 2012.  

7.7 Surface Water Quality 
This WRSR presents the surface water quality data generated for the SGP during baseline surface 
water monitoring activities from April 2012 to February 2016. Data was collected at 8 sampling 
locations on the EFSFSR, 24 sampling locations on tributary streams to the EFSFSR, 14 seeps, 7 adit 
seeps, and 2 ponds (Section 7.4). The surface water monitoring network sampling locations by 
category are shown on Figure 7-16.  

The analytical program, data appropriateness, and statistics are summarized in Section 7.7.1. 
Results are summarized and COIs are identified in Section 7.7.2. A discussion of water quality by 
stream segment is provided in Section 7.7.3. Sources of COIs to the EFSFSR and its tributaries are 
listed in Section 7.7.4. 

The USGS has also conducted studies in the area, publishing an assessment of surface water quality 
titled “Occurrence and Transport of Selected Constituents in Streams near the Stibnite Mining Area, 
Central Idaho, 2012-14 (USGS 2015) using data from the five USGS gaging stations in the area (1 in 
Meadow Creek and 4 in the EFSFSR). In addition, a USGS slide presentation entitled “Continuous 
monitoring of trace metals in the East Fork of the Salmon River, Stibnite mining area” was delivered 
to Midas Gold on November 17, 2016 (USGS 2016), which indicated that monitoring would end in 
June 2017 unless additional funding was obtained. Since no final report or presentation is available 
as of the date of this WRSR, this work has not been repeated or integrated into this WRSR. 

7.7.1 Analytical Methods, Quality Control, and Data Validation  
The following sub-sections provide details regarding analytical methods, quality control, and data 
validation procedures followed during baseline surface water monitoring performed by HDR (HDR 
2016a, 2017a). 
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7.7.1.1 Analytical Program 

Samples collected from streams, seeps, adit seeps, and ponds were analyzed for metals/metalloids, 
anions, cations, and general water quality parameters. Analytes, methods, reporting limits, and data 
quality indicators for the baseline surface water monitoring program are provided in Table 7-19.  
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Table 7-19. Surface Water Analytical Program 

Surface Water Parameter Sampling Frequency 
Potentially Most Restrictive Limit Best-fit Method Data Quality Indicators a 

Strictest Numeric 
Criterion Unit(s) Limiting Program(s) Method Reporting 

Limit a Method Number Duplicate 
Samples RPD LCS % Recovered Matrix Spike % Recovered 

Analytical Constituents 

Alkalinity Monthly/quarterly > 20 mg/L as CaCO3 EPA Freshwater Aquatic Life Criteria b 9 SM c 2320 B 20 90–110 N/A 

Aluminum Monthly/quarterly 0.05 mg/L EPA Secondary Drinking Water Standards d 0.002 EPA e6020A 20 85–120 75–125 

Ammonia Monthly/quarterly N/A mg/L as NH3 N/A 0.01 EPA 350.1 20 90–110 90–110 

Antimony Monthly/quarterly 0.0052 mg/L Idaho Domestic Water Supply Use f 0.00005 EPA 6020A 20 91–112 75–125 

Arsenic Monthly/quarterly 0.010 g mg/L Idaho Domestic Water Supply Use 0.0005 EPA 6020A 20 89–112 75–125 

Arsenic III Quarterly N/A mg/L N/A 0.00002 EPA 1632 35 70–130 30–170 

Barium Quarterly 2 mg/L EPA Drinking Water MCL h 0.00005 EPA 6020A 20 92–111 75–125 

Beryllium Quarterly 0.004 mg/L EPA Drinking Water MCL 0.00002 EPA 6020A 20 80–120 75–125 

Bicarbonate Monthly/quarterly N/A mg/L as CaCO3 N/A 9 SM 2320 B 20 90–110 N/A 

Boron Quarterly 120 mg/L Wildlife Benchmark for Consumption of Surface Water i 0.010 EPA 6010C 20 91–112 75–125 

Cadmium Quarterly 0.0006 mg/L Idaho Criteria for Aquatic Life 0.00002 EPA 6020A 20 92–111 75–125 

Calcium Monthly/quarterly N/A mg/L N/A 0.004 EPA 6010C 20 85–116 75–125 

Carbonate Monthly/quarterly N/A mg/L as CaCO3 N/A 9 SM 2320 B 20 90–110 N/A 

Chloride Monthly/quarterly 230 mg/L EPA Freshwater Aquatic Life Criteria 0.2 EPA 300.0 20 90–110 90–110 

Chromium, total Quarterly 0.1 mg/L EPA Drinking Water MCL 0.0002 EPA 6020A 20 88–113 75–125 

Chromium III Conditional j 0.074 mg/L Idaho Criteria for Aquatic Life k/EPA Aquatic Life Criteria 0.001 EPA 218.6 ND ND ND 

Chromium VI Conditional 0.011 mg/L Idaho Criteria for Aquatic Life/EPA Aquatic Life Criteria 0.001 EPA 218.6 ND ND ND 

Cobalt Quarterly N/A mg/L N/A 0.00002 EPA 6020A 20 87–114 75–125 

Copper Quarterly 0.011 mg/L  Idaho Criteria for Aquatic Life 0.0001 EPA 6020A 20 89–113 75–125 

Cyanide, free Conditional 0.0052 mg/L EPA Aquatic Life Criteria 0.02 EPA 9014 20 86–118 70–125 

Cyanide, total Quarterly 0.0039 mg/L Idaho Domestic Water Supply Use 0.005 SM 4500 CN-E 20 84–115 23–148 

Cyanide, WAD Conditional 0.0039 mg/L Idaho Domestic Water Supply Use 0.005 SM 4500 CN I 20 70–141 64–136 

Hardness Monthly/quarterly N/A mg/L N/A 9 SM 2320 B 20 N/A N/A 

Iron Monthly/quarterly 0.3 mg/L EPA Secondary Drinking Water Standards 0.001 EPA 6010C 20 92–111 75–125 

Fluoride Monthly/quarterly 2.0 mg/L EPA Secondary Drinking Water Standards 0.2 EPA 300.0 20 90–110 90–110 

Lead Monthly/quarterly 0.0025 mg/L Idaho Criteria for Aquatic Life/EPA Aquatic Life Criteria 0.00002 EPA 6020A 20 90–112 75–125 

Magnesium Monthly/quarterly N/A mg/L N/A 0.002 EPA 6010C 20 86–115 75–125 

Manganese Monthly/quarterly 0.05 mg/L EPA Secondary Drinking Water Standards 0.0006 EPA 6010C 20 92–112 75–125 

Mercury Monthly/quarterly 0.000012 mg/L Idaho Criteria for Aquatic Life 0.000001 EPA 1631E 24 77–123 71–125 

Methyl mercury Quarterly N/A mg/L N/A 0.0000001 EPA 1630 35 67–133 65–135 

Molybdenum Quarterly 0.6 mg/L Wildlife Benchmark for Consumption of Surface Water 0.00005 EPA 6020A 20 80–120 75–125 

Nickel Quarterly 0.052 mg/L Idaho Criteria for Aquatic Life/EPA Aquatic Life Criteria 0.0002 EPA 6020A 20 89–113 75–125 

Nitrates Conditional 10 mg/L as N EPA Drinking Water MCL 0.2 EPA 300.0 ND ND ND 

Nitrates and nitrites Monthly/quarterly N/A mg/L as N N/A 0.05 EPA 353.2 20 90–110 89–114 

Nitrites Conditional 1 mg/L as N EPA Drinking Water MCL 0.2 EPA 300.0 ND ND ND 

N, total Quarterly N/A mg/L as N N/A 0.2 EPA 351.4 and 353.2 20 72–129 53–160 
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Table 7-19. Surface Water Analytical Program 

Surface Water Parameter Sampling Frequency 
Potentially Most Restrictive Limit Best-fit Method Data Quality Indicators a 

Strictest Numeric 
Criterion Unit(s) Limiting Program(s) Method Reporting 

Limit a Method Number Duplicate 
Samples RPD LCS % Recovered Matrix Spike % Recovered 

Phosphorus (P) Monthly/quarterly N/A mg/L as P N/A 0.02 EPA 6010C 20 80–120 75–125 

Potassium Monthly/quarterly N/A mg/L N/A 0.1 EPA 6010C 20 89–114 75–125 

Selenium Quarterly 0.005 mg/L Idaho Criteria for Aquatic Life/EPA Aquatic Life Criteria 0.001 EPA 6020A 2 87–115 75–125 

Silver Quarterly 0.0032 mg/L EPA Freshwater Aquatic Life Criteria 0.00002 EPA 6020A 20 80–120 75–125 

Sodium Monthly/quarterly N/A mg/L N/A 0.2 EPA 6010C 20 80–120 75–125 

TDS Monthly/quarterly 500 mg/L EPA Secondary Drinking Water Standards 5 SM 2540 C 10 90–108 N/A 

TSS Monthly/quarterly N/A mg/L N/A 5 EPA 160.2 10 85–111 N/A 

Sulfate Monthly/quarterly 250 mg/L EPA Secondary Drinking Water Standards 0.2 EPA 300.0 20 90–110 90–110 

Thallium Quarterly 0.000017 mg/L Idaho Domestic Water Supply Use 0.00002 EPA 6020A 2 91–108 75–125 

Vanadium Quarterly 0.835 mg/L Wildlife Benchmark for Consumption of Surface Water 0.0002 EPA 6020A 2 87–113 75–125 

Zinc Monthly/quarterly 0.12 mg/L Idaho Criteria for Aquatic Life/EPA Aquatic Life Criteria 0.0005 EPA 6020A 20 86–119 75–125 

Field Measurements 
Color Quarterly 15 (PT-CO) EPA Secondary Drinking Water Standards 5 EPA 110.2 N/A NA NA 

DO Monthly/quarterly > 6 mg/L Idaho Criteria for Aquatic Life Use Designations l N/A EPA 360.1 N/A NA NA 

pH Monthly/quarterly ≥ 6.5 and ≤ 8.5 units EPA Secondary Drinking Water Standards N/A EPA 150.1 N/A NA NA 

Conductivity Monthly/quarterly N/A µS/cm N/A N/A EPA 120.1 N/A NA NA 

Temperature Monthly/quarterly < 13 °C Idaho Criteria for Aquatic Life Use Designations N/A EPA 170.1 N/A NA NA 

Turbidity Monthly/quarterly Background + 50 NTU Idaho Criteria for Aquatic Life Use Designations N/A EPA 180.1 N/A NA NA 

LCS = laboratory control sample.  
N/A = not applicable.  
ND = no data.  
RPD = relative percent different. 
SM = standard method. 
a The method reporting limits and data quality indicators as developed in-house and reported by the contract laboratory, ALS, in Kelso, Washington. 
b Source: (EPA 2017c). National Recommended Water Quality Criteria for Aquatic Life.  
c Source: Standard Methods for the Evaluation of Water and Wastewater. 21st Edition. 
d Source: (EPA 2017b). EPA National Primary Drinking Water Regulations, Secondary Standards. 
e Method numbers preceded by “EPA” indicate an EPA method. An index to these methods, and appropriate links to each, can be found online (EPA 2013a). 
f IDAPA 58.01.02 Section 210, “Numeric Criteria for Toxic Substances for Waters Designated for Domestic Water Supply Use.” 
g Idaho arsenic standard for human health based on consumption of water and organisms and organisms only is included in the table; however, EPA disapproved these standards in a letter dated September 15, 2016. The listed standards  
will be used until Idaho develops alternate standards that are approved by EPA. 
h Source: (EPA 2017a). National Primary Drinking Water Regulations. 
I Source: (Opresko et al. 1996). 
j “Conditional” indicates that a speciation analysis will be conducted only if total species analysis indicates that analyte concentration meets or exceeds the strictest criteria. 
k IDAPA 58.01.02 Section 210, “Numeric Criteria for Toxic Substances for Waters Designated for Aquatic Life”—general (pH), cold water (DO and turbidity), SS (temperature). 
l IDAPA 58.01.02 Section 250, “Surface Water Quality Criteria for Aquatic Life Use Designations.” 
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7.7.1.2 Summary of Data Appropriateness and Statistics  

This section summarizes the results of analyses undertaken to ensure the appropriateness of surface 
water quality data for use in characterizing baseline conditions in the Study Area. A full description of 
analyses is documented in the Surface Water Quality Baseline Study (HDR 2017a). The tables of 
individual sample statistics from the baseline study are provided in Appendix B-2 of this report. 

Data Review, Verification, Validation, and Usability. Baseline surface water quality data were 
subjected to data review, verification, and validation as detailed in the QAPP-SWQSPs (HDR 2014, 
2015, 2016a, 2017a). Data review included examining the data for correct and complete recording, 
transmission, and processing. Data verification included evaluating whether the data met 
completeness goals. Data validation included evaluating whether the laboratory data met method, 
procedure, and contract requirements. Through these processes, data that were outside acceptance 
criteria were qualified and flagged per EPA’s National Functional Guidelines for Inorganic Superfund 
Data Review (EPA 2013a). Although some data were qualified, it was determined that 100 percent of 
the surface water quality data were considered usable for the purposes of characterizing baseline 
conditions in the Study Area (HDR 2017a). 

Field Duplicates. Field duplicate samples were collected at a rate of one duplicate for every eight 
normal samples. Duplicate sample results, agreements, and implications for data usability were 
evaluated as part of the data validation process and discussed in data validation reports documented 
in the Surface Water Quality Baseline Study (HDR 2017a). Both parent and duplicate sample data are 
maintained in the database, but only parent sample concentrations are used for analysis. 

Dissolved Versus Total Metals/Metalloids Concentrations. Metals/metalloids were analyzed for both 
total and dissolved concentrations within each sample. The total concentration reflects the entire 
amount of the constituent present in an unfiltered sample. Thus, it measures a constituent in both 
the dissolved and solid (e.g., precipitate or sorbed to particulate) phases in the sample. For this study, 
the dissolved concentration reflects the amount of the constituent occurring as particles passing 
through an 0.45-micrometer filter. The total constituent concentration should always be greater than 
or equal to the dissolved constituent concentration, especially in surface water where solid particles 
are readily transported in currents. 

In practice, dissolved concentrations may exceed total concentrations in a sample. This circumstance 
can indicate a procedural issue (e.g., filter contamination, or an inadvertent mis-labeling of total and 
dissolved samples), but is frequently a result of the inherent limit of analytical precision. For example, 
if the total and dissolved constituent concentrations are very similar and/or close to the method 
reporting limit, then the difference in concentration between the total and dissolved fractions may be 
well within the error limits of the analytical method. 

Appendix B-3 provides scatter plots of total metals/metalloids concentrations versus dissolved 
metals/metalloids concentrations in all surface water samples. The scatter plots indicate that (1) the 
data generally plot above a 1:1 line, indicating that total concentrations are generally greater than 
dissolved concentrations; (2) scatter around the 1:1 line increases as concentrations approach the 
method detection limit, illustrating the limits of analytical precision; and (3) instances where dissolved 
concentrations are greater than total concentrations are rare. 

Instances where dissolved metal/metalloid concentrations are greater than total metal/metalloid 
concentrations were evaluated per acceptance criteria adapted from EPA’s National Functional 
Guidelines for Inorganic Superfund Data Review (EPA 2013a). The acceptance criteria establish 
acceptable levels of disagreement between total and dissolved concentrations as a function of 
concentration relative to the method detection limit. The Surface Water Quality Baseline Study found 
that approximately 1 percent of all total and dissolved metals/metalloids pairs had dissolved 
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concentrations that were unacceptably higher than total concentrations (HDR 2017a). In most 
instances, the discrepancy occurred when the total concentration was below the method detection 
limit but the dissolved concentration was detected. Because of the overall low occurrence and the 
relatively low concentrations involved, data were not rejected based on total versus dissolved 
concentrations of acceptance criteria. 

Outliers. Surface water quality data were evaluated for the presence of statistical outliers. Outliers 
may result from a typographical error, a procedural issue, or reflect a real value of unusually low or 
high concentration. Potential outliers were identified using applicable statistical methods in EPA’s 
ProUCL statistical software, version 5.0.00 (EPA 2013b). Potential outliers were back-checked against 
the field notes, lab results, and validation reports; however, outliers were only rejected for further 
analysis if a clear procedural, measurement, or typographical error was identified. In total, 18 outliers 
were rejected for use in further analysis. These outliers, which are documented in Appendix F of the 
Surface Water Quality Baseline Study all resulted from transcription errors of field measurements, 
misuse of field measurement equipment, or malfunctioning field measurement equipment (HDR 
2017a). All other potential outliers were included in the analyses and assumed to represent real 
values—they were not flagged or otherwise identified outside of the outlier analysis. Box plots of the 
analytical results showing outliers are provided in Appendix B-3. 

Summary of Statistics Methodology. Summary statistics were calculated using a combination of 
functions within Access, Excel, and EPA’s ProUCL statistical software, version 5.0.00 (EPA 2013b). For 
the mean, median, standard deviation, and percentiles, the method of calculation depended on (1) 
the number and percentage of non-detected measurements in the data set, and (2) the underlying 
statistical distribution to which the data set conforms (e.g., normal, gamma, lognormal, or no 
distribution [nonparametric]). The selection of appropriate statistical methods followed guidelines in 
EPA’s Unified Guidance, the ProUCL version 5.0.00 Technical Guide, and IDEQ’s Statistical Guidance 
(EPA 2009, 2013b; IDEQ 2014). The statistical methods employed are as follows: 
• For data sets that contained only detected measurements and for which the sample size was at 

least five, the data set was evaluated in ProUCL for goodness-of-fit to normal, gamma, and 
lognormal distributions. Following ProUCL recommendations, if the data set fit multiple 
distributions, then the order of fit preference was (1) normal, (2) gamma, (3) lognormal. If the 
data set did not fit any of these distributions, then the data set was treated as nonparametric. 
The ProUCL estimates of mean, median, standard deviation, and percentiles per the appropriate 
distribution were selected as the summary statistics. 

• For data sets that contained only detected measurements and for which the sample size was five 
or fewer, estimates of the mean, median, and standard deviation were directly calculated from 
the data set without distribution fitting in ProUCL. Percentiles were not calculated because of an 
insufficient quantity of detected data. 

• For data sets containing non-detects with more than five detected measurements but no more 
than 50 percent non-detects, the mean, median, standard deviation, and percentiles were 
estimated using the nonparametric Kaplan-Meier method in ProUCL. 

• For data sets containing non-detects with five or fewer detected measurements or more than 
50 percent non-detects, estimates of the mean, median, standard deviation, and percentiles 
were not calculated because of an insufficient quantity of detected data. 

7.7.2 Summary of Baseline Analytical Results  
The surface water sampling network is shown on Figure 7-16. The individual sample statistics are 
discussed in Section 7.7.2.1. A summary of the analytical results by sample type is included in 
Section 7.7.2.2. Identification and distribution of key COIs is presented in Section 7.7.2.3. Water 
quality by stream segment is described in Section 7.7.3.   
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7.7.2.1 Individual Sample Results 

Baseline summary statistics—including the number of samples, number of detected measurements, 
number of non-detected measurements; minimum, maximum, mean, median, standard deviation; 
and 90th, 95th, and 99th percentiles—were calculated for each constituent at each surface water 
monitoring location. The evaluated data were collected between April 1, 2012, and February 29, 
2016. A full description of the statistical analysis is documented in the Surface Water Quality 
Baseline Study and the methodology utilized is summarized below (HDR 2017a). Summary tables for 
each monitoring location are provided in Appendix B-2. 

7.7.2.2 Summary of Analytical Results by Sample Type  

Overall summary statistics for the different sample types (e.g., streams, springs/seeps/ponds, and 
adit seeps)—including the number of samples; percent of non-detected measurements; percent of 
constituents detected below the most restrictive potentially applicable numeric standard/criterion; 
percent of samples exceeding the criterion; and minimum, maximum, and median concentrations—
were calculated for each constituent.  

The overall summary statistics for each sample type (streams, springs/seeps, and adit seeps) are 
provided in Tables 7-20, 7-21, and 7-22, respectively, and are shown in histograms on Figures 7-17, 
7-18, and 7-19, respectively. The analytical results of all the surface water samples were compared 
to the criteria to provide a context in which to evaluate and compare the data. Although such criteria 
are not applicable to all sample locations (for example, because some seeps are not connected to 
surface water), the lowest (most restrictive) numeric water quality standards provided in Section 6.1 
were used to compare water quality of each constituent and develop a list of key COIs. Bold font in 
the tables highlights the constituents that have been detected at total concentrations above the 
criteria in more than 10 percent of the samples. 

Stream Sample Results Compilation and Summary. Table 7-20 and Figure 7-17 summarize the 
data collected from the 32 stream (EFSFSR and tributary) locations. 
 

Table 7-20. Summary of Stream Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria (if 

applicable) 

% Exceeding 
Criteria 

(if applicable) 
Minimum Maximum 

detected Median 

Color Pt-Co 460 0 100 0 0 0 0 

Conductivity µS/cm 913 0 100 – 0.023 0.444 0.1 

DO mg/L 932 0 100 0 6.15 13.83 10.3 

pH pH  916 0 93 7 6.05 9.25 7.43 

Temperature, water °C 941 0 95 5 -0.03 17.77 4.04 

Turbidity NTU 939 0 100 – 0 124 2.6 

Alkalinity as CaCO3, 
total mg/L 928 0 95 5 7.8 154 43.95 

Aluminum, total µg/L 560 1 62 37 10 U 2,730 29.55 

Aluminum, dissolved µg/L 560 18 82 1 2 U 120 5.8 

NH3 as N mg/L 928 99 1 – 0.02 U 0.15 0.05 U 

Antimony, total µg/L 929 1 53 46 0.2 U 193 3.46 

Antimony, dissolved µg/L 928 1 54 46 0.2  70.9 3.35 

Arsenic (III) µg/L 449 5 95 – 0.02 U 96 0.22 
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Table 7-20. Summary of Stream Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria (if 

applicable) 

% Exceeding 
Criteria 

(if applicable) 
Minimum Maximum 

detected Median 

Arsenic, total µg/L 928 2 0 98 0.5 U 220 15.6 

Arsenic, dissolved µg/L 928 3 0 97 0.5 U 218 14.2 

Barium, total µg/L 449 0 100 0 3.28 J+ 59.4 10 J+ 

Barium, dissolved µg/L 449 0 100 0 2.74 J+ 20 9.34 

Beryllium, total µg/L 449 89 11 0 0.02 U 0.23 0.02 U 

Beryllium, dissolved µg/L 449 100 0 0 0.02 U 0.03 0.02 U 

Bicarbonate as CaCO3 mg/L 928 0 100 – 7.8 154 43.9 

Boron, total µg/L 449 100 0 0 10 U 50 U 20 U 

Boron, dissolved µg/L 449 100 0 0 10 U 50 U 20 U 

Cadmium, total µg/L 817 99 1 0 0.02 U 0.16 J+ 0.02 U 

Cadmium, dissolved µg/L 817 99 1 0 0.02 U 0.27 J+ 0.02 U 

Calcium, total µg/L 928 0 100 – 2,310 53,400 11,400 

Calcium, dissolved µg/L 928 0 100 – 2,290 54,300 11,400 

Carbonate as CaCO3 mg/L 928 98 2 – 2 U 42 9 U 

Chloride mg/L 928 76 24 0 0.06 U 45.8 0.4 U 

Chromium, total µg/L 817 72 28 0 0.2 U 2.9 0.2 U 

Chromium, dissolved µg/L 817 83 17 0 0.2 U 2 0.2 U 

Cobalt, total µg/L 449 23 77 – 0.02 U 1.37 J+ 0.05 J+ 

Cobalt, dissolved µg/L 449 41 59 – 0.02 U 0.22 J+ 0.02 

Copper, total µg/L 817 28 72 0 0.1 U 1.7 0.1 

Copper, dissolved µg/L 817 7 93 0 0.1 U 2.6 0.2 J+ 

Cyanide, total mg/L 450 97 0 3 0.003 U 0.0412 0.0047 U 

Cyanide, WAD mg/L 2 100 0 0 0.0047 U 0.01 U 0.00735 U 

Cyanide, free mg/L 1 100 0 0 0.01 U 0.01 U 0.01 U 

Fluoride mg/L 928 100 0 0 0.006 U 0.25 0.2 U 

Hardness as CaCO3 mg/L 928 0 100 – 6.9 224 40.2 

Iron, total µg/L 928 18 74 8 10 U 5,470 74.1 

Iron, dissolved µg/L 928 66 34 0 10 U 149 20 U 

Lead, total µg/L 928 48 52 0 0.02 U 1.18 0.02 J 

Lead, dissolved µg/L 928 95 5 0 0.02 U 0.19 0.02 U 

Magnesium, total µg/L 928 0 100 – 286 22,000 2,520 

Magnesium, dissolved µg/L 928 0 100 – 279 22,200 J 2,490 

Manganese, total µg/L 560 19 80 1 1 U 237 4.7 

Manganese, dissolved µg/L 560 57 43 0 0.6 UJ 50.6 5 U 

Mercury, total ng/L 928 4 69 27 0.5 U 3,660 4.9 
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Table 7-20. Summary of Stream Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria (if 

applicable) 

% Exceeding 
Criteria 

(if applicable) 
Minimum Maximum 

detected Median 

Mercury, dissolved ng/L 907 9 88 3 0.5 U 98.3 2.51 

Methyl mercury ng/L 449 89 11 – 0.1 U 0.64 0.1 U 

Molybdenum, total µg/L 449 3 97 0 0.05 U 2.02 0.88 J+ 

Molybdenum, 
dissolved µg/L 449 4 96 0 0.05 U 2.03 0.87 

Nickel, total µg/L 449 66 34 0 0.2 U 1.5 J+ 0.2 U 

Nickel, dissolved µg/L 449 65 35 0 0.2 U 1.11 J+ 0.2 U 

Nitrate + nitrite as N mg/L 928 82 18 0 0.009 U 0.77 0.05 U 

N, total mg/L 449 24 76 – 0.18 U 34.8 0.49 

Total Kjeldahl nitrogen mg/L 449 24 76 – 0.4 U 34.8 0.47 

P, total µg/L 928 91 9 – 20 U 316 40 U 

P, dissolved µg/L 928 97 3 – 20 U 34 J+ 40 U 

Potassium, total µg/L 928 0 100 – 293 J+ 2,310 789 

Potassium, dissolved µg/L 928 0 100 – 264 J+ 2,370 768 

Selenium, total µg/L 817 100 0 0 1 U 1 J+ 1 U 

Selenium, dissolved µg/L 817 100 0 0 1 U 1 UJ 1 U 

Silver, total µg/L 449 98 2 0 0.02 U 0.04 J+ 0.02 U 

Silver, dissolved µg/L 449 100 0 0 0.02 U 0.03 J+ 0.02 U 

Sodium, total µg/L 928 0 100 – 400 UJ 3,070 1,940 

Sodium, dissolved µg/L 928 0 100 – 400 UJ 3,120 1,940 

TDS mg/L 928 0 99 0 5 U 1,920 55.75 

TSS mg/L 928 88 12 – 5 U 134 5 U 

Sulfate mg/L 928 0 100 0 0.2 U 115 3.615 

Thallium, total µg/L 449 95 0 5 0.02 U 0.07 0.02 U 

Thallium, dissolved µg/L 449 99 0 1 0.02 U 0.022 0.02 U 

Vanadium, total µg/L 449 36 64 0 0.2 U 7.2 0.2 

Vanadium, dissolved µg/L 449 63 37 0 0.2 U 0.6 0.2 U 

Zinc, total µg/L 928 68 32 0 0.5 U 18.1 0.5 U 

Zinc, dissolved µg/L 928 52 48 0 0.5 U 18.5 0.5 U 

J+ = estimated value with a high bias. 
U =not detected.  
WAD = weak acid dissociable. 
Bold font highlights the constituents that have been detected at total concentrations above the criteria in more than 10% of the samples. 
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Figure 7-17a. Analyte detections in stream sites: April 2012–February 2016  

 
Figure 7-17b. Analyte detections in stream sites: April 2012–February 2016 

 
Figure 7-17c. Analyte detections in stream sites: April 2012–February 2016 
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Spring/seep Sample Results Compilation and Summary. Table 7-21 and Figure 7-18 summarize the 
data collected from the 14 springs/seeps and ponds in the monitoring network. 
 

Table 7-21. Summary of Spring/Seep Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria  
(if applicable) 

% Exceeding 
Criteria  

(if applicable) 
Minimum Maximum 

Detected Median 

Color Pt-Co 188 0 100 0 0 10 0 

Conductivity µS/cm 396 0 100 – 0.034 4.16 0.2995 

DO mg/L 406 0 73 27 0.53 13.54 8.25 

pH pH  396 0 96 4 5.95 9.47 7.205 

Temperature, water °C 406 0 83 17 -0.05 28.73 7.195 

Turbidity NTU 402 0 100 – 0 1300 6.65 

Alkalinity as CaCO3, total mg/L 206 0 99 1 15 374 99.5 

Aluminum, total µg/L 198 1 54 45 2 U 37,900 39.8 

Aluminum, dissolved µg/L 198 40 55 5 2 U 13,300 2.45 

NH3 as N mg/L 206 78 22 – 0.05 U 4.92 0.05 U 

Antimony, total µg/L 206 0 12 88 0.1 J+ 4,920 36.5 

Antimony, dissolved µg/L 206 0 13 87 0.1 J+ 4,840 30.75 

Arsenic (III) µg/L 194 2 98 – 0.02 U 7,440 J 2.1 

Arsenic, total µg/L 206 4 0 96 0.5 U 48,600 214 

Arsenic, dissolved µg/L 206 6 0 94 0.5 U 5,540 162 

Barium, total µg/L 194 0 100 0 1.69 692 32.1 

Barium, dissolved µg/L 194 0 100 0 0.42 J+ 354 22.85 

Beryllium, total µg/L 194 53 47 0 0.02 U 3.66 0.02 U 

Beryllium, dissolved µg/L 194 88 12 0 0.02 U 2.67 0.02 U 

Bicarbonate as CaCO3 mg/L 206 0 100 – 15 U 374 99.5 

Boron, total µg/L 194 89 11 0 10 U 46.6 J+ 20 U 

Boron, dissolved µg/L 194 93 7 0 10 U 45.9 J+ 20 U 

Cadmium, total µg/L 202 91 9 0 0.02 U 0.47 J+ 0.02 U 

Cadmium, dissolved µg/L 202 97 3 0 0.02 U 0.31 J+ 0.02 U 

Calcium, total µg/L 206 0 100 – 3470 432,000 42500 

Calcium, dissolved µg/L 206 0 100 – 3460 459,000 42700 

Carbonate as CaCO3 mg/L 206 100 0 – 2 U 24 15 U 

Chloride mg/L 206 35 65 0 0.4 U 148 0.56 

Chromium, total µg/L 202 55 45 0 0.2 U 62.5 0.2 U 

Chromium, dissolved µg/L 202 81 19 0 0.2 U 18 0.2 U 

Cobalt, total µg/L 194 10 90 – 0.02 U 158 0.48 

Cobalt, dissolved µg/L 194 25 75 – 0.02 U 161 0.23 J 

Copper, total µg/L 202 11 85 4 0.1 U 55 0.355 
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Table 7-21. Summary of Spring/Seep Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria  
(if applicable) 

% Exceeding 
Criteria  

(if applicable) 
Minimum Maximum 

Detected Median 

Copper, dissolved µg/L 202 11 88 1 0.1 U 57.5 0.3 J 

Cyanide, total mg/L 194 62 0 38 0.003 U 0.0386 0.0047 U 

Cyanide, WAD mg/L 6 100 0 0 0.0047 U 0.0047 U 0.0047 U 

Cyanide, free mg/L 6 100 0 0 0.01 U 0.01 U 0.01 U 

Fluoride mg/L 206 94 6 0 0.2 U 0.72 0.2 U 

Hardness as CaCO3 mg/L 206 0 100 – 11.7 1,940 145 

Iron, total µg/L 206 4 39 56 20 U 168,000 J 521.5 

Iron, dissolved µg/L 206 50 25 25 20 U 91,000 20.75 

Lead, total µg/L 206 29 67 4 0.02 U 24.9 0.06 J 

Lead, dissolved µg/L 206 84 16 0 0.02 U 38.7 0.02 U 

Magnesium, total µg/L 206 0 100 – 495 213,000 9950 

Magnesium, dissolved µg/L 206 0 100 – 481 212,000 10050 

Manganese, total µg/L 198 10 42 48 1 U 50,200 39.75 

Manganese, dissolved µg/L 198 27 33 39 1 U 49,600 9.95 

Mercury, total ng/L 206 0 50 49 1 U 11,700 11.05 

Mercury, dissolved ng/L 205 10 80 9 0.5 U 1050 2.2 

Methyl mercury ng/L 194 61 39 – 0.1 U 12.5 0.1 U 

Molybdenum, total µg/L 194 2 98 0 0.05 U 7.92 1.22 

Molybdenum, dissolved µg/L 194 2 98 0 0.05 U 7.48 1.225 

Nickel, total µg/L 194 25 74 1 0.2 U 79.4 0.51 

Nickel, dissolved µg/L 194 27 72 1 0.2 U 76.1 0.4 J 

Nitrate + nitrite as N mg/L 206 62 38 0 0.05 U 0.582 0.05 U 

N, total mg/L 194 9 91 – 0.4 U 72.2 0.685 

Total Kjeldahl nitrogen mg/L 194 11 89 – 0.4 U 72 0.62 

P, total µg/L 206 40 60 – 20 U 5,410 56.5 

P, dissolved µg/L 206 76 24 – 20 U 2,370 40 U 

Potassium, total µg/L 206 0 100 – 427 J- 20,200 2,345 

Potassium, dissolved µg/L 206 0 100 – 200 U 20,000 2,185 

Selenium, total µg/L 202 91 8 1 1 U 14.5 1 U 

Selenium, dissolved µg/L 202 92 6 2 1 U 14.2 1 U 

Silver, total µg/L 194 81 19 0 0.02 U 2.33 0.02 U 

Silver, dissolved µg/L 194 93 7 1 0.02 U 8.65 0.02 U 

Sodium, total µg/L 206 0 100 – 805 32,800 3,905 

Sodium, dissolved µg/L 206 0 100 – 735 31,200 3,905 

TDS mg/L 206 0 89 11 10 UJ 2,680 179.5 
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Table 7-21. Summary of Spring/Seep Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria  
(if applicable) 

% Exceeding 
Criteria  

(if applicable) 
Minimum Maximum 

Detected Median 

TSS mg/L 206 40 60 – 5 U 1,120 7.5 

Sulfate mg/L 206 0 93 7 0.86 J+ 1,700 41.9 

Thallium, total µg/L 194 74 0 26 0.02 U 1.44 0.02 U 

Thallium, dissolved µg/L 194 87 0 13 0.02 U 1.34 0.02 U 

Vanadium, total µg/L 194 36 64 0 0.2 U 55.4 0.3 

Vanadium, dissolved µg/L 194 70 30 0 0.2 U 30.8 0.2 U 

Zinc, total µg/L 206 23 76 1 0.5 U 1,380 1.1 J 

Zinc, dissolved µg/L 206 30 68 1 0.5 U 2,460 0.75 J 

J+ = estimated value with a high bias. 
 U =not detected. 

WAD = weak acid dissociable. 
Bold font highlights the constituents that have been detected at total concentrations above the criteria in more than 10% of the samples. 

 
Figure 7-18a. Analyte detections in spring/seep sites: April 2012–February 2016  
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Figure 7-18b. Analyte detections in spring/seep sites: April 2012–February 2016 

 
Figure 7-18c. Analyte detections in spring/seep sites: April 2012–February 2016  

 

Adit Seep Sample Results Compilation and Summary. Table 7-22 and Figure 7-19 summarize the 
data collected from the 7 adit seep locations. 
 

Table 7-22. Summary of Adit Seep Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria 

(where applicable) 

% Exceeding 
Criteria (where 

applicable) 
Minimum Maximum 

Detected Median 

Color Pt-Co 85 0 100 0 0 10 0 

Conductivity µS/cm 170 0 100 – 0.102 1.52 0.346 

DO mg/L 174 0 74 26 1.88 11.56 8.535 

pH pH  171 0 99 1 6.44 8.28 7.29 

Temperature, water °C 174 0 94 6 0.11 24.85 6.39 

Turbidity NTU 172 0 100 – 0 1086 5 

Alkalinity as CaCO3, total mg/L 85 0 100 0 22.9 412 114 
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Table 7-22. Summary of Adit Seep Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria 

(where applicable) 

% Exceeding 
Criteria (where 

applicable) 
Minimum Maximum 

Detected Median 

Aluminum, total µg/L 85 1 69 29 2 U 8,530 12.7 

Aluminum, dissolved µg/L 85 53 46 1 2 U 79.8 2 U 

NH3 as N mg/L 85 96 4 – 0.05 U 0.304 0.05 U 

Antimony, total µg/L 85 0 14 86 0.45 J+ 911 49.5 

Antimony, dissolved µg/L 85 0 20 80 0.2 J+ 354 47.4 

Arsenic (III) µg/L 85 0 100 – 0.02 20,200 1.72 

Arsenic, total µg/L 85 0 0 100 1 44,800 176 

Arsenic, dissolved µg/L 85 0 0 100 0.8 11,900 101 

Barium, total µg/L 85 0 100 0 6.4 J+ 1,780 40.3 

Barium, dissolved µg/L 85 0 100 0 6.3 J+ 147 38.7 

Beryllium, total µg/L 85 48 52 0 0.02 U 3.72 0.02 J+ 

Beryllium, dissolved µg/L 85 82 18 0 0.02 U 0.14 0.02 U 

Bicarbonate as CaCO3 mg/L 85 0 100 – 22.9 412 114 

Boron, total µg/L 85 96 4 0 10 U 36.1 J+ 20 U 

Boron, dissolved µg/L 85 96 4 0 10 U 26.6 J+ 20 U 

Cadmium, total µg/L 85 80 20 0 0.02 U 0.24 J+ 0.02 U 

Cadmium, dissolved µg/L 85 98 2 0 0.02 U 0.04 J+ 0.02 U 

Calcium, total µg/L 85 0 100 – 6,060 256,000 40,300 

Calcium, dissolved µg/L 85 0 100 – 6,260 241,000 41,200 

Carbonate as CaCO3 mg/L 85 99 1 – 9 U 24 15 U 

Chloride mg/L 85 52 48 0 0.4 U 2.27 0.4 U 

Chromium, total µg/L 85 73 27 0 0.2 U 3.2 0.2 U 

Chromium, dissolved µg/L 85 88 12 0 0.2 U 0.5 J+ 0.2 U 

Cobalt, total µg/L 85 15 85 – 0.02 U 28.1 0.16 J+ 

Cobalt, dissolved µg/L 85 24 76 – 0.02 U 4.8 0.08 

Copper, total µg/L 85 6 94 0 0.1 U 7.8 0.3 

Copper, dissolved µg/L 85 12 88 0 0.1 U 0.9 0.2 

Cyanide, total mg/L 85 98 0 2 0.003 U 0.0079 0.0047 U 

Cyanide, WAD mg/L 0 0 0 0 NA NA NA 

Cyanide, free mg/L 0 0 0 0 NA NA NA 

Fluoride mg/L 85 80 20 0 0.2 U 1.02 0.2 U 

Hardness as CaCO3 mg/L 85 0 100 – 18.9 878 156 

Iron, total µg/L 85 21 32 47 20 U 248,000 273 

Iron, dissolved µg/L 85 64 21 15 20 U 43,800 20 U 

Lead, total µg/L 85 44 51 6 0.02 U 16.8 0.03 J+ 

Lead, dissolved µg/L 85 93 7 0 0.02 U 0.06 J+ 0.02 U 
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Table 7-22. Summary of Adit Seep Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected and 
Below Criteria 

(where applicable) 

% Exceeding 
Criteria (where 

applicable) 
Minimum Maximum 

Detected Median 

Magnesium, total µg/L 85 0 100 – 922 58,100 11,700 

Magnesium, dissolved µg/L 85 0 100 – 947 55,800 12,200 

Manganese, total µg/L 85 20 31 49 1 U 16,200 41.7 J 

Manganese, dissolved µg/L 85 35 20 45 1 U 2,100 10 

Mercury, total ng/L 85 2 66 32 1 U 3,800 J 4 J+ 

Mercury, dissolved ng/L 85 16 74 9 0.5 U 111 1.3 

Methyl mercury ng/L 85 56 4 – 0.1 U 14.6 0.1 U 

Molybdenum, total µg/L 85 6 94 0 0.05 U 4.46 1.01 

Molybdenum, dissolved µg/L 85 7 93 0 0.05 U 4.27 0.98 

Nickel, total µg/L 85 27 73 0 0.2 U 6 0.5 J+ 

Nickel, dissolved µg/L 85 29 71 0 0.2 U 4.18 0.4 J+ 

Nitrate + nitrite as N mg/L 85 58 42 0 0.05 U 0.382 0.05 U 

N, total mg/L 85 24 76 – 0.4 U 2.47 J+ 0.51 

Total Kjeldahl nitrogen mg/L 85 29 71 – 0.4 U 2.47 J+ 0.46 

P, total µg/L 85 71 29 – 20 U 5,610 40 U 

P, dissolved µg/L 85 98 2 – 20 U 553 40 U 

Potassium, total µg/L 85 0 100 – 642 7,270 1,650 

Potassium, dissolved µg/L 85 0 100 – 623 3,740 1610 

Selenium, total µg/L 85 99 1 0 1 U 2.2 1 U 

Selenium, dissolved µg/L 85 100 0 0 1 U 1 UJ 1 U 

Silver, total µg/L 85 86 14 0 0.02 U 0.24 0.02 U 

Silver, dissolved µg/L 85 99 1 0 0.02 U 0.02 J+ 0.02 U 

Sodium, total µg/L 85 0 100 – 815 9,770 4,590 

Sodium, dissolved µg/L 85 0 100 – 794 9,530 4,530 

TDS mg/L 85 0 86 14 34 1,060 191 J 

TSS mg/L 85 68 32 – 5 U 1,250 5 U 

Sulfate mg/L 85 0 85 15 2.4 473 27.2 

Thallium, total µg/L 85 79 0 21 0.02 U 1.88 0.02 U 

Thallium, dissolved µg/L 85 95 0 5 0.02 U 0.056 0.02 U 

Vanadium, total µg/L 85 72 28 0 0.2 U 17.4 0.2 U 

Vanadium, dissolved µg/L 85 99 1 0 0.2 U 0.2 0.2 U 

Zinc, total µg/L 85 14 84 2 0.5 U 210 3.5 J+ 

Zinc, dissolved µg/L 85 18 82 0 0.5 U 21.2 1.8 J+ 

J+ = estimated value with a high bias. 
 U =not detected. 

WAD = weak acid dissociable. 
Bold font highlights the constituents that have been detected at total concentrations above the criteria in more than 10% of the samples. 
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Figure 7-19a. Analyte detections in adit seep sites: April 2012–February 2016  

 
Figure 7-19b. Analyte detections in adit seep sites: April 2012–February 2016  

 
Figure 7-19c. Analyte detections in adit seep sites: April 2012–February 2016  
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7.7.2.3 Determination of Key COIs  

Analytical results of all the surface water samples were compared to the most restrictive potentially 
applicable numeric criteria in Tables 7-20 through 7-22 to provide a context in which to evaluate and 
compare the data. Although the constituent concentrations were compared to the strictest criteria 
(included in Table 6-1), it is important to note that many of the seep and spring sites are completely 
disconnected from streams and do not contain fish habitat; therefore, comparison to Idaho Aquatic 
Standards are not directly applicable to those locations. Similarly, although the majority of EFSFSR 
segments and tributaries in the Study Area are designated for domestic water supply (DWS) 
(Table 7-5), many of the sampling locations are of seeps and springs where the application of 
drinking water criteria may not be appropriate. 

Regardless of sample type, comparison to numeric criteria for development of the list of COIs in the 
Study Area was conducted to serve as a useful frame of reference for understanding water quality. 
COIs are considered those constituents that have been detected at concentrations above the criteria 
in more than 10 percent of the samples analyzed. The list of COIs, based on the statistics provided in 
Tables 7-20, 7-21, and 7-22 is provided in Table 7-23. A discussion of the pH of adit samples is 
provided at the end of this section. 
 

Table 7-23. COIs by Water Source 

Constituent Streams Seeps/Ponds Adit Seeps 

Aluminum    

Antimony    

Arsenic    

Iron    

Manganese    

Mercury    

TDS    

Sulfate    

Thallium    

Cyanide    

Note: Bold text indicates widespread COI used for discussions of water quality. 

Key COIs are arsenic, antimony, and mercury, as they have some of the highest detected 
concentrations, have the highest frequency of detection above the criteria, and are widespread 
across the mineralized area. Arsenic and antimony are also considered to be key COIs in 
groundwater (Section 8.6.2). Summarizing the distributions of these key COIs provides a ready 
understanding of presence and distribution of contaminant sources in the Study Area. 

Secondary COIs are aluminum, iron, manganese, thallium, and total dissolved solids (TDS). Sulfate is 
considered an additional COI for adit seeps and cyanide is considered an additional COI for 
seeps/ponds. The secondary COIs typically have lower concentrations than the key COIs, have lower 
frequencies of detection above the criteria, and are not as widespread in the Study Area as the key 
COIs.  

The distributions of the key COI concentrations detected in May 2015 are provided on maps in 
Figures 7-20, 7-21, and 7-22. Sample IDs are provided on Figure 7-16 separately so that the COI 
concentration distributions can be included on 11X17 figures rather than oversized plates with the 
concentrations still readable. Table 7-24 includes the sample IDs and analytical results presented on 
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the maps along with the median concentrations for all samples collected, so that the May 2015 data 
can be readily compared to the rest of the data set. The May 2015 data were selected for display 
because spring sampling events represent high-flow conditions when most of the seeps and springs 
can be measured (many are dry in the fall) and the data are relatively recent. As can be seen in the 
time series plots provided in Appendix B-3, concentrations are variable, but the May 2015 data is 
considered generally typical of spring water quality.  
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Table 7-24. Spring 2015 Analytical Results for Arsenic, Antimony, and Mercury 

 Sample 
Location ID 

Arsenic Antimony Mercury 
Concentrations in µg/L Concentrations in ng/L 

Spring 2015 Median: All 
Samples Spring 2015 Median: All 

Samples Spring 2015 Median: All 
Samples 

YP-AS-1 69.2 145 201 236 104 126 

YP-AS-2 153 181 111 186 1.1 1.1 

YP-AS-3 27.6 234 2.35 3.7 3.6 17.2 

YP-AS-4 105 109 45.4 49.2 2.1 2.5 

YP-AS-6 257 244 19.4 23.4 1.9 3.4 

YP-AS-7 35,600 17,500 265 211 639 253 

YP-S-1 43.4 46.2 0.54 0.65 32.3 22.7 

YP-S-2 1070 1,070 10.2 13.6 60.4 238 

YP-S-3 34.3 195 10.6 28.8 14.6 13.8 

YP-S-5 2,950 1,115 1,250 2,000 11,700 179 

YP-S-6 277 1,580 85.5 22.4 85.3 33.2 

YP-S-7 24,500 7,030 228 144 17.1 37.6 

YP-S-8 2,860 2,980 376 505 5.9 8.9 

YP-S-9 134 144 83.7 92.2 7.8 8.4 

YP-SEBS-1 107 115 18 19.3 8.2 2.0 

YP-SEBS-2 127 139 52.3 55.1 4.9 1.6 

YP-SR-2 19.8 52.9 9.25 22.3 71.9 19.4 

YP-SR-4 27.3 73.9 14 29.9 8.6 3.6 

YP-SR-6 14.8 34.1 8.26 17.8 8.1 3.7 

YP-SR-8 13.9 29.6 7.9 14.8 15 4.2 

YP-SR-10 10.1 26.9 5.75 10.6 8.5 4.8 

YP-T-1 7.6 14.1 1.46 3.43 131 28.2 

YP-T-6 91.1 80.3 12.4 10.8 7.3 7.0 

YP-T-7 4.9 6.2 0.5 0.86 145 34.6 

YP-T-10 89 92.8 51 46.9 9.7 9.4 

YP-T-11 2.1 1.7 0.64 0.52 4.4 2.5 

YP-T-12 ND N/A 0.14 0.13 4.2 2.1 

YP-T-15 97.8 87.7 46.5 44.7 3.3 3.0 

YP-T-17 190 224 84.92 29.0 3.2 6.05 

YP-T-21 44 54.5 6.27 8.01 24.5 15.0 

YP-T-22 17.1 36.7 3.62 6.4 4.5 2.8 

YP-T-23A 980 980 892 989 19.3 21.4 

YP-T-27 15.6 37.7 3.11 4.40 3.3 2.2 

YP-T-29 5.6 7.4 0.47 1.08 9.7 3.4 
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Table 7-24. Spring 2015 Analytical Results for Arsenic, Antimony, and Mercury 

 Sample 
Location ID 

Arsenic Antimony Mercury 
Concentrations in µg/L Concentrations in ng/L 

Spring 2015 Median: All 
Samples Spring 2015 Median: All 

Samples Spring 2015 Median: All 
Samples 

YP-T-33 0.9 1.3 0.27 0.27 2.6 1.2 

YP-T-35 123 176 28.6 48.4 9.2 7.3 

YP-M-3 103 92.7 17.3 20.3 47.7 40.3 

YP-HP-S1 190 209 36.4 24.4 6.1 16.7 

YP-SR-11 5.2 11.4 0.49 1.1 14.1 4.8 

YP-SR-13 2.3 4.8 0.13 0.1 9.4 5.2 

YP-T-42 61.8 52.8 64.8 57.0 19.6 23.4 

YP-T-40 2.3 2.9 0.09 0.1 1.7 1.0 

YP-T-41 1.9 2.7 0.42 0.52 5.3 2.9 

YP-S-10 170 146 49.7 44.0 7.3 6.7 

YP-T-8A 4.1 5.0 0.35 0.51 115 36 

YP-T-43 10.5 22 2.5 3.03 2.8 1.7 

YP-T-45 1 1.7 0.17 0.19 3.2 1.6 

YP-T-49 17.6 18.7 3.55 3.91 9.8 9.8 

YP-T-44 3.9 4.0 0.12 0.11 28.4 19.8 

YP-SR-14 0.8 0.7 0.08 0.08 3.5 1.0 

YP-T-8A 4.1  0.35  115  

NA= median not calculated because most samples were non-detect. 
Median was calculated using simple Excel spreadsheet functions, not statistical software.  

 

pH. Neutral pH measurements in adit seeps highlights that acid mine drainage (AMD) is not a 
concern in the Study Area. Based on findings in the geochemical baseline characterization study, 
there are several reasons why AMD is not forming:  
• Most of the sulfides are encapsulated by silicate minerals, meaning less sulfides are exposed 

when the rocks are broken.  
• Ores and alteration assemblages around the ores contain significant potassium feldspar as well 

as carbonate that buffer and neutralize any potential acid generation from weathering of 
sulfides. In addition, carbonate is widespread throughout the area in unmineralized rocks 
creating an environment with low potential for acid generation (Midas Gold 2017). 
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7.7.3 Chemical Characteristics of Major Stream Segments 
This section provides a general overview of water quality in the EFSFSR and then discusses the 
chemical characteristics of each major stream segment in the Project Area. A discussion of key COI 
presence and distribution is also provided. 

7.7.3.1 EFSFSR Water Quality Overview 

General Water Quality. Figure 7-23 provides a Piper diagram of major ion water quality at surface 
water monitoring locations along the main stem of the EFSFSR. Piper diagrams are a graphical 
representation of the chemistry of water samples. The cations and anions are shown by separate 
ternary plots. The apexes of the cation plot are calcium, magnesium, sodium, and potassium. The 
apexes of the anion plot are sulfate, chloride, and bicarbonate, and carbonate. The two ternary plots 
are then projected onto a diamond. Data from May and November 2015 are plotted for each 
location to represent typical high-flow and low-flow conditions. The Piper diagram indicates that, 
regardless of location or season, water quality along the EFSFSR is characterized by calcium-
bicarbonate water types.  

 
Figure 7-23. Piper diagram, main stem EFSFSR  

May 2015 and November 2015 samples 
 

Figure 7-24 provides a map of Stiff diagrams for all surface water monitoring locations collected 
during the May 2015 event for comparison with the water quality maps presented in Figures 7-20, 
7-21, and 7-22. Stiff diagrams portray the charge-adjusted equivalent concentrations of major 
cations and anions in a water quality sample using a geometric shape. Similar geometric shapes 
indicate similar water quality between two locations. The width of a Stiff diagram is an indication of 
the ionic strength of a water quality sample, with wider Stiff diagrams indicating higher 
concentrations of TDS. The Stiff diagrams for each sample collected spring 2015 are provided in 
Appendix B-4.  

Main Stem EFSFSR 

~ 
Ca Na+K 
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The Stiff diagram indicates that concentrations of TDS in the main stem of the EFSFSR are (1) 
generally lower than concentrations in its tributaries and (2) significantly lower than concentrations 
in most seeps/adits. TDS concentrations in the EFSFSR are inversely related to flow, with higher 
concentrations during low flow and lower concentrations during high flow. TDS generally increases 
from upstream to downstream as water in the EFSFSR encounters areas and tributaries containing 
historical mining features as well as areas heavily burned in 2007 and earlier forest fires.  

Temperature and Turbidity. Temperature data collected from EFSFSR show marked seasonal 
variations with the highest temperatures occurring during the summer months (Figure 7-25). 
Figure 7-25 shows that temperature gradually increases along the EFSFSR from upstream to 
downstream (the red sample graph is upstream, grey is downstream). Figure 7-26 provides a plot of 
the mean temperature data developed from the summary statistics for all surface water locations 
(Appendix B-1). Note that the “YP” and hyphens in the sample numbers have been omitted for clarity 
on the plots. The sample measurements in the main stem of the EFSFSR are shown in bold. Mean 
temperature values are highest for data collected from natural seeps and adits. Several adits and 
seeps in Meadow Creek have mean temperature values near the criteria of 13 degrees Celsius (°C). 
Additional stream temperature data is available in the Aquatic Resources Baseline Study (MWH 
2017). 

 
Figure 7-25. Temperature data at EFSFSR sampling sites: March 2012–December 2015 
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Figure 7-26. Mean temperature at all sampling sites: April 2012–February 2016 

 

Turbidity measurements of EFSFSR increase slightly during late spring and summer months when 
flow rates are likely to be higher (Figure 7-27). Turbidity measured in EFSFSR upstream of the 
confluence with Meadow Creek is typically lower than that measured downstream, as would be 
expected with the sediment contribution from Blowout Creek entering Meadow Creek upstream of 
the EFSFSR confluence.  
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Figure 7-27. Turbidity data at EFSFSR
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Figure 7-28. Sulfate concentrations at EFSFSR
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occurring after the confluence with Meadow Creek (e.g., between monitoring locations YP-SR-11 and 
YP-SR-10) (Figure 7-16). 

Key COIs Presence and Distribution. Figures 7-29, 7-30, and 7-31 provide graphs of mean 
concentrations of the key COIs (arsenic, antimony, and mercury) for all surface water monitoring 
locations. The mean concentrations on the graphs come from the summary statistics for each 
location provided in Appendix B-2. The data are plotted with error bars representing ±1 standard 
deviation. The monitoring locations are organized from upstream to downstream on the graphs. 
Locations representing the EFSFSR are labeled in bold. Note that the “YP” and hyphens in the 
sample numbers have been omitted for clarity on the plots. 

 
Figure 7-29. Mean total arsenic concentrations at sampling sites: April 2012–February 2016 
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Figure 7-30. Mean total antimony concentrations at sampling sites: April 2012–February 2016 

 
Figure 7-31. Mean total mercury concentration at sampling sites: April 2012–February 2016 
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The mean concentration graphs by area (Figures 7-29 through 7-31) and the spring 2015 
constituent distribution maps (Figures 7-20 through 7-22) broadly indicate that concentrations of the 
three key COIs in the EFSFSR are generally lower than concentrations in most seeps/adits and 
concentrations of the three key COIs generally increase from upstream to downstream. Potential 
sources of COI to surface water are discussed in Section 7.7.4. 

Figures 7-32 and 7-33 provide time series plots of concentrations of total arsenic, total antimony, 
and total mercury for upstream EFSFSR monitoring location YP-SR-13 and downstream EFSFSR 
monitoring location YP-SR-2. The graphs also show time series of flow data from the USGS stations 
nearest each monitoring location to show the relationship between concentration and flow. 
 

 
Figure 7-32. Flow and key COIs in upstream EFSFSR (YP-SR-13): April 2012–February 2016 

Note: Flow data are from USGS Station 13310800 (EFSFSR near YP-SR-11). 
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Figure 7-33. Flow and key COIs in downstream EFSFSR (YP-SR-2): April 2012–February 2016 

Note: Flow data are calculated as the sum of the flows at USGS Station 1331145  
(Sugar Creek near YP-T-1) and USGS Station 13311250 (EFSFSR near YP-SR-4). 
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At locations both upstream and downstream of the Project Area, total mercury concentrations exhibit 
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Project Area. 
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though calcium is still the dominant cation. Contrary to observations of EFSFSR water quality within 
the Project Area, the proportion of sulfate in EFSFSR water quality samples upstream of Meadow 
Creek does not increase from upstream to downstream. This likely reflects the relatively lower levels 
of historical mining disturbances upstream of Meadow Creek. 

 
Figure 7-34. Piper diagram: EFSFSR upstream of Meadow Creek  

May and November 2015 samples 
 

Stiff diagrams presented in Figure 7-24 indicate that concentrations of TDS in the EFSFSR and its 
tributaries upstream of Meadow Creek are generally low. TDS concentrations in Rabbit Creek (YP-T-
21) are similar to concentrations in the EFSFSR. TDS concentrations in Fern Creek (YP-T-44) are 
higher than concentrations in the EFSFSR, but mean streamflows in Fern Creek are much lower than 
flows in the EFSFSR at YP-SR-14 (Table 7-10), and thus Fern Creek has little effect on the major ion 
chemistry of the EFSFSR.  

TDS concentrations in the EFSFSR and Rabbit Creek are inversely related to flow, with higher 
concentrations during low flow and lower concentrations during high flow. Fern Creek exhibits the 
opposite behavior. The monitoring location in Fern Creek (YP-T-44) is in the headwaters of Fern 
Creek near mineralized areas, which may explain the increased TDS during the high-flow season. All 
other surface water monitoring locations upstream of Meadow Creek are located farther downstream 
from headwaters where additional runoff/snowmelt is available to dilute the river water during the 
high-flow season. 

Although the major ion chemistry of the EFSFSR upstream of Meadow Creek does not exhibit 
significant changes from upstream to downstream, Figures 7-29 and 7-30 indicate an increase in 
key COIs from upstream to downstream. Total antimony and total arsenic concentrations in Fern 
Creek (YP-T-44) and Rabbit Creek (YP-T-21) are higher than concentrations in the EFSFSR upstream 
of where they enter, and thus these two tributaries, located near naturally mineralized areas, may 
explain some of the increases in total antimony and total arsenic in the EFSFSR. Given the relatively 
low flows in these tributaries compared to the EFSFSR, it is likely that the EFSFSR also naturally 
accumulates total antimony and total arsenic along its own course.  
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Concentrations of total mercury are also higher in Fern Creek (YP-T-44) and Rabbit Creek (YP-T-21) 
compared to the EFSFSR (Figure 7-31). Concentrations of total mercury in the EFSFSR appear to 
increase after the confluence with Fern Creek, but inferences regarding loading of total mercury from 
Rabbit Creek are less clear due to the relatively high variability in EFSFSR concentrations. 

7.7.3.3 Meadow Creek 

Meadow Creek and Tributaries. Figure 7-35 provides a Piper diagram of major ion water quality at 
surface water monitoring locations along Meadow Creek and its tributaries. YP-T-45 and YP-T-46 are 
in two different headwater areas of Meadow Creek upstream of the Project Area (Figure 7-16), and 
YP-T-29 is in East Fork Meadow Creek just before its confluence with Meadow Creek. All other 
monitoring locations are located on the main stem of Meadow Creek within the Project Area. Data 
from May and November 2015 are plotted for each location to represent typical high-flow and low-
flow conditions. 

 
Figure 7-35. Piper diagram, Meadow Creek: rivers/streams 

May and November 2015 samples 
 

The Piper diagram indicates that, regardless of location or season, water quality in Meadow Creek 
and its tributaries is characterized by calcium-bicarbonate water types. The proportion of sulfate in 
the water quality samples increases from upstream to downstream as water in Meadow Creek 
encounters areas containing historical mining features. The Meadow Creek headwaters (YP-T-45 and 
YP-T-46) and East Fork Meadow Creek (YP-T-29) exhibit the lowest proportions of sulfate, indicating 
that East Fork Meadow Creek does not alter the major ion chemistry of Meadow Creek. 

Meadow Creek Seeps and Adit Seeps. Figure 7-36 provides a Piper diagram of major ion water 
quality in seeps and adits in the Meadow Creek area. Data from May and November 2015 are 
plotted for each location to represent typical high-flow and low-flow conditions. The Piper diagram 
indicates that seeps and adits in the Meadow Creek area are characterized by calcium-bicarbonate 
to calcium-sulfate water types. Surface water emanating from seeps and adits exhibits significantly 
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higher proportions of sulfate compared to Meadow Creek and its tributaries (though flows from 
seeps and adits are much lower than flows in Meadow Creek (Tables 7-10 and 7-11) indicating that 
the seeps and adits may contribute to the increase in sulfate observed along the course of Meadow 
Creek. 

 
Figure 7-36. Piper diagram, Meadow Creek: seeps/adits  

May and November 2015 samples 
 

Stiff diagrams in Figure 7-24 indicate that concentrations of TDS in Meadow Creek are significantly 
lower than concentrations in most seeps/adits in the Meadow Creek area. TDS concentrations in the 
Meadow Creek Mine adit seep (YP-AS-7) and heap leach seep (YP-T-23A) are among the highest in 
the Study Area. The Meadow Creek Mine adit seep exhibits high TDS concentrations year-round, 
while the heap leach seep only exhibits its high concentrations during the low-flow period (see time 
series plots in Appendix B-3). 

TDS concentrations in Meadow Creek are inversely related to flow, with higher concentrations during 
low flow and lower concentrations during high flow. Conversely, most seeps and adits in the Meadow 
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lowest concentrations during low flow. This likely reflects increased flushing of high-TDS water from 
seeps and adits during high flow while Meadow Creek is diluted with runoff/snowmelt. 

Key COIs. Plots of mean concentrations of total antimony and total arsenic (Figures 7-29 and 7-30) 
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the highest in the Study Area. Concentrations of these COIs in Meadow Creek steadily increase from 
upstream to downstream, with the sharpest increase occurring between upstream location YP-T-33 
and downstream YP-T-43 (located past the SODA and above the Keyway marsh) as Meadow Creek 
encounters historical mine features.  

Concentrations of total mercury in seeps and adits in the Meadow Creek area are also among the 
highest in the Study Area and steadily increase along the course of Meadow Creek (Figure 7-31). The 
sharpest increase in total mercury concentrations does not occur until somewhere between YP-T-27 
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and YP-T-22, which is downstream of the point where total antimony and total arsenic exhibited the 
sharpest increases. The plot of mean concentrations of total mercury highlights that the seep in the 
heap leach area (YP-S-5), the adit seep from the Meadow Creek Mine (YP-AS-7) and the pond sample 
at the downstream end of the SODA (YP-M-3) yield the highest concentrations of total mercury in the 
Study Area. 

Figures 7-37 and 7-38 provide time series plots of concentrations of total antimony, total arsenic, 
and total mercury for Meadow Creek monitoring locations YP-T-33 (upstream of historical mining 
features) and YP-T-22 (downstream of historical mining features). The graphs also show time series 
of flow data from the USGS stations nearest each monitoring location to display the relationship 
between concentrations and flow. 

 
Figure 7-37. Flow and selected COIs in Meadow Creek above SODA (YP-T-33): April 2012–February 2016 

Note: Flow data are from USGS Station 13310850 (Meadow Creek near YP-T-33). 
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Figure 7-38. Flow and selected COIs in Meadow Creek above EFSFSR (YP-T-22): April 2012–February 2016 

Note: Flow data are calculated as the difference between flow at USGS Station 13311000 (EFSFSR near YP-SR-10)  
and USGS Station 13310850 (Meadow Creek near YP-T-33).  

 

YP-T-33 (Meadow Creek above SODA) exhibits a seasonal response that is similar to the EFSFSR 
upstream of the Project Area, which is characterized by temporary increases in total antimony and 
total mercury in the spring and temporary decreases in total arsenic in the spring. YP-T-22, however, 
exhibits temporary increases of all three COIs in the spring. This likely reflects seasonal flushing of 
COIs from seeps and adits in the Meadow Creek area during the high-flow period. 

7.7.3.4 EFSFSR Meadow Creek to Yellow Pine Pit 

EFSFSR and Tributaries. Figure 7-39 provides a Piper diagram of major ion water quality at surface 
water monitoring locations along the EFSFSR and its tributaries in the central part of the Project 
Area. Data from May and November 2015 are plotted for each location to represent typical high-flow 
and low-flow conditions. The Piper diagram indicates that, regardless of location or season, water 
quality in the EFSFSR and its tributaries south of Meadow Creek is characterized by calcium-
bicarbonate water types.  

Locations on Fiddle Creek (YP-T-11 and YP-T-12) indicate slightly higher proportions of sodium 
compared to magnesium, though calcium is still the dominant cation. The proportion of sulfate in the 
EFSFSR water quality samples does not appear to significantly increase from upstream to 
downstream in this area. Rather, the proportion of sulfate in the EFSFSR appears to reflect a mixture 
of upstream water from Meadow Creek (Figure 7-35) and the EFSFSR upstream of Meadow Creek 
(Figure 7-34). 
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Figure 7-39. Piper diagram, EFSFSR downstream of Meadow Creek: rivers/streams  

May and November 2015 samples 
 

Seeps and Springs near Central EFSFSR. Figure 7-40 provides a Piper diagram of major ion water 
quality in seeps and adits near the EFSFSR downstream of Meadow Creek. Data from May and 
November 2015 are plotted for each location to represent typical high-flow and low-flow conditions. 
The Piper diagram indicates that seeps and adits in the Meadow Creek area are characterized by 
calcium-bicarbonate to calcium-sulfate water types. Locations YP-S-3 (Garnet Pit seep), YP-S-9 (old 
haul road seep), and YP-M-4 (Fiddle Creek pond) exhibit the lowest proportions of sulfate and are 
similar to surface water upstream of the Project Area (Figure 7-34). Locations YP-AS-6 (DMEA adit 
seep) and YP-T-17 (DMEA rock dump seep) exhibit higher proportions of sulfate that are similar to 
proportions seen in seeps and adits in the Meadow Creek area (Figure 7-36). 
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Figure 7-40. Piper diagram, EFSFSR downstream of Meadow Creek: seeps/adits 

May and November 2015 samples 
 

Stiff diagrams in Figure 7-24 and Appendix B-4 indicate that concentrations of TDS in the EFSFSR 
and its tributaries downstream of Meadow Creek are generally lower than concentrations in some 
seeps and adits in the area. The old haul road seep (YP-S-9), DMEA adit seep (YP-AS-6), and DMEA 
rock dump seep (YP-T-17) exhibit moderate TDS concentrations. All other seeps and adits in this 
area exhibit relatively low TDS concentrations that are similar to, or lower than, TDS concentrations 
in the EFSFSR and its tributaries. TDS concentrations in the EFSFSR downstream of Meadow Creek 
do not appear to increase from upstream to downstream in this area. TDS concentrations at all 
monitoring locations in this area appear to increase slightly during the low-flow period. 

Key COIs. Plots of mean concentrations of total antimony, total arsenic, and total mercury 
(Figures 7-29, 7-30, and 7-31) indicate that concentrations of the key COIs in seeps and adits are 
generally higher than concentrations in the EFSFSR downstream of Meadow Creek. However, any 
perceived increases in mean concentrations of these COIs in the EFSFSR from upstream to 
downstream are small and within the error bars, indicating that seeps and adits do not contribute 
much to loading in the EFSFSR in this area. Concentrations of COIs in Fiddle Creek (YP-T-11 and YP-
T-12) and the Fiddle Creek pond (YP-M-4) are lower than concentrations in the EFSFSR.  

Figure 7-41 provides time series plots of concentrations of total antimony, total arsenic, and total 
mercury for EFSFSR monitoring location YP-SR-10, located just below the confluence of Meadow 
Creek with the EFSFSR. The graph also shows a time series of flow data from the USGS station 
nearest the monitoring location. All three key COIs exhibit temporary increases in concentration in 
the spring, which is consistent with the observed patterns upstream in Meadow Creek (location YP-T-
22; Figure 7-38) and the EFSFSR upstream of Meadow Creek (location YP-T-11; Appendix B-3). 
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Figure 7-41. Flow and selected COIs in EFSFSR below Meadow Creek (YP-SR-10): April 2012–February 2016 

Note: Flow data are from USGS Station 13311000 (EFSFSR near YP-SR-10). 

7.7.3.5 EFSFSR Near Yellow Pine Pit to below Sugar Creek 

EFSFSR and Tributaries. Figure 7-42 provides a Piper diagram of major ion water quality at surface 
water monitoring locations along the EFSFSR and its tributaries between the Yellow Pine Pit down 
past the confluence with Sugar Creek in the northern part of the Project Area. Three locations (YP-SR-
6, YP-SR-4, and YP-SR-2) are located on the EFSFSR (Figure 7-16). Two locations (YP-T-42 and YP-T-
10) are located on Midnight Creek. Two locations (YP-T-41 and YP-T-48) are located on Hennessy 
Creek. One location (YP-T-40) is located on Salt Creek, an undisturbed and unmineralized area 
outside of the Project Area. Data from May and November 2015 are plotted for each location to 
represent typical high-flow and low-flow conditions. 

 
Figure 7-42. Piper diagram, EFSFSR near Yellow Pine Pit/Sugar Creek: rivers/streams  

May and November 2015 samples 
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The Piper diagram indicates that, regardless of location or season, water quality in the EFSFSR and 
its tributaries near the Yellow Pine Pit and Sugar Creek is characterized by calcium-bicarbonate 
water types. The proportion of sulfate in water quality samples appears to increase from upstream to 
downstream along the EFSFSR as it flows through the Yellow Pine Pit and receives inflow from Sugar 
Creek. The proportion of sulfate in Hennessy Creek appears to increase between YP-T-41 and YP-T-
48 as it flows adjacent to the Northwest Bradley Rock Dump. The proportion of sulfate in Midnight 
Creek also increases slightly from YP-T-42 to YP-T-10 as Midnight Creek flows past the West End 
mining area and old haul roads. 

Seeps and Adit Seeps in Northern Area. Figure 7-43 provides a Piper diagram of major ion water 
quality in seeps and adits in the Yellow Pine Pit area. Data from May and November 2015 are plotted 
for each location to represent typical high-flow and low-flow conditions. The Piper diagram indicates 
that seeps and adits in the Yellow Pine Pit area are characterized by calcium-bicarbonate water 
types. The Monday Tunnel adit seep (TP-AS-3) and Cinnabar Tunnel adit seep (YP-AS-4) exhibit 
relatively low proportions of sulfate, while the seeps north and south of the Southeast Bradley Rock 
Dump (YP-SEBS-1 and YP-SEPS-2) exhibit higher proportions of sulfate. 

 
Figure 7-43. Piper diagram, EFSFSR near Yellow Pine Pit/Sugar Creek: seeps/adits 

 May and November 2015 samples 
 

Stiff diagrams in Figure 7-24 indicate that concentrations of TDS in the EFSFSR and Hennessy Creek 
near the Yellow Pine Pit and Sugar Creek are lower than seeps/adits in this area. TDS concentrations 
in Midnight Creek are higher than concentrations in the EFSFSR and are similar to concentrations in 
some seeps/adits in this area. TDS concentrations in the EFSFSR, its tributaries, and the Monday 
Tunnel (YP-AS-3) and Cinnabar Tunnel (YP-AS-4) adit seeps are inversely related to flow in this area, 
with higher concentrations during low flow and lower concentrations during high flow. The two 
Southeast Bradley Rock Dump seeps were not sampled during the low-flow period because of 
insufficient water, but time series plots (Appendix B-3) suggest that TDS concentrations in these 
seeps may be higher during high flow compared to low flow.  

Ca 

I Brown ANo Caldwell i 

EFSFSR Neer Yellow Pine Pit/Sugar Creek - Seeps end Ad its 

'o ~ 
Na+K 

Iii,.) YPAS-3 

liiiiJ YPAS,4 

~ YP·SE8S-1 

liiiiJ vP-seas-2 

Cl 



Stibnite Gold Project | Water Resources Summary Report Section 7 

 

 7-86 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

Key COIs. Plots of mean concentrations of total antimony, total arsenic, and total mercury 
(Figures 7-29, 7-30, and 7-31) indicate that seeps, adits, tributaries (i.e., Midnight and Hennessy 
creeks) and other historical mining features (e.g., the Yellow Pine Pit) in the Yellow Pine Pit area likely 
contribute to concentrations of these COIs in the EFSFSR. Concentrations of these COIs are generally 
higher in seeps, adits, and tributaries compared to the EFSFSR and concentrations in the EFSFSR 
increase between monitoring locations YP-SR-6 as YP-SR-4 as the EFSFSR flows past these features 
and through the Yellow Pine Pit. 

Sugar Creek appears to influence concentrations of total antimony, total arsenic, and total mercury 
between monitoring locations YP-SR-4 and YP-SR-2. Because concentrations of total antimony and 
total arsenic in Sugar Creek (YP-T-1) are lower than in the EFSFSR (YP-SR-4), concentrations of these 
COIs are reduced at YP-SR-2. Conversely, concentrations of total mercury are higher in Sugar Creek 
compared to the EFSFSR, and thus concentrations are increased at YP-SR-2. 

Figure 7-44 provides time series plots of concentrations of total antimony, total arsenic, and total 
mercury for EFSFSR monitoring location YP-SR-4. The graph also shows a time series of flow data 
from the USGS station nearest the monitoring location to display the relationship between 
concentrations and flow. Seasonality in concentrations of these COIs appears to be characterized by 
temporary decreases in total antimony and total arsenic concentrations in the spring as streamflows 
increase, and temporary increases in total mercury concentrations in the spring as streamflows 
increase.  

 
Figure 7-44. Flow and selected metals in EFSFSR below Yellow Pine Pit (YP-SR-4): April 2012–February 2016 

Note: Flow data are from USGS Station 13311250 (EFSFSR near YP-SR-4). 

7.7.3.6 Sugar Creek 

Sugar Creek and Tributaries. Figure 7-45 provides a Piper diagram of major ion water quality at 
surface water monitoring locations along Sugar Creek and its tributaries. Three locations (YP-T-8A, 
YP-T-7, and YP-T-1) are located on Sugar Creek and three locations (YP-T-37, YP-T-49, and YP-T-6) are 
located on West End Creek (Figure 7-16). Data from May and November 2015 are plotted for each 
location to represent typical high-flow and low-flow conditions. 
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Figure 7-45. Piper diagram, Sugar Creek: rivers/streams  

May and November 2015 samples 
 

The Piper diagram indicates that, regardless of location or season, water quality in Sugar Creek and 
West End Creek is characterized by calcium-bicarbonate to calcium-sulfate water types. Locations on 
West End Creek indicate slightly higher proportions of magnesium compared to calcium, though 
calcium is still the dominant cation. The proportion of sulfate in water quality samples appears to 
increase from upstream to downstream along both Sugar Creek and West End Creek. The highest 
proportion of sulfate at any river/stream location in this area is observed in West End Creek just 
before its confluence with Sugar Creek (location YP-T-6). The increase in the proportion of sulfate in 
Sugar Creek below the confluence with West End Creek (location YP-T-1) may be influenced by 
sulfate contributions from mined rock in West End Creek but pre-mining water quality data (James M. 
Montgomery 1979) indicate water quality in West End Creek contained naturally elevated metal 
concentrations including sulfates. 

Sugar Creek Seeps and Adit Seeps. Figure 7-46 provides a Piper diagram of major ion water quality 
in seeps and adits in the Sugar Creek area. Data from May and November 2015 are plotted for each 
location to represent typical high-flow and low-flow conditions. The Piper diagram indicates seeps 
and adits in the Sugar Creek area are characterized by calcium-bicarbonate to calcium-sulfate water 
types. The Bonanza adit seep (YP-AS-1) and hillside seep by Sugar Creek (YP-S-1) exhibit higher 
proportions of bicarbonate while the Bailey Tunnel adit seep (YP-AS-2) and Homestake Pit seep (YP-
HP-S1) exhibit higher proportions of sulfate. Surface water emanating from the Bailey Tunnel adit 
seep (YP-AS-2) and Homestake Pit seep (YP-HP-S1) exhibits significantly higher proportions of sulfate 
compared to Sugar Creek (though flows from these features are much lower than flows in Sugar 
Creek (Tables 7-9 and 7-10) indicating that they may contribute to the increase in sulfate observed 
along the course of Sugar Creek. 
 

Sugar Creek - Rivers/Streams 

♦ YP-1-8A 

♦ YPT7 

♦ YP-T-37 

♦ YP-T-'9 

♦ YP-T-6 

♦ YP.T- 1 

Ca Cl 

I Brown ANo Caldwell i 



Stibnite Gold Project | Water Resources Summary Report Section 7 

 

 7-88 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

 
Figure 7-46. Piper diagram, Sugar Creek: seeps/adits  

May and November 2015 samples 
 

Stiff diagrams in Figure 7-24 indicate that concentrations of TDS in Sugar Creek are significantly 
lower than concentrations in West End Creek and all seeps/adits in the Sugar Creek area. TDS 
concentrations in the Bailey Tunnel adit seep (YP-AS-2) and Homestake Pit seep (YP-HP-S1) are 
among the highest in the Study Area. TDS concentrations in Sugar Creek are inversely related to 
flow, with higher concentrations during low flow and lower concentrations during high flow. 
Conversely, West End Creek and all seeps and adits in the Sugar Creek area exhibit their highest 
concentrations during high flow and lowest concentrations during low flow. This likely reflects 
increased flushing of high-TDS water from historical mining disturbances and seeps/adits during 
high flow while Sugar Creek is diluted with runoff/snowmelt. 

Key COIs. Plots of mean concentrations of total antimony and total arsenic (Figures 7-29 and 7-30) 
indicate that concentrations of these COIs in seeps and adits in the Sugar Creek area are among the 
highest in the Study Area, except for the hillside seep by Sugar Creek (YP-S-1). Concentrations of 
these COIs steadily increase from upstream to downstream in both Sugar Creek and West End 
Creek. 

Mean total mercury concentrations (Figure 7-31) exhibit different patterns compared to the patterns 
observed for total antimony and total arsenic. Mean total mercury concentrations in Sugar Creek 
upstream of the Project Area (YP-T-8A) and in the headwaters of West End Creek (YP-T-37) are an 
order of magnitude or two higher than in any other river/stream in the Study Area. The Bonanza adit 
seep (YP-AS-1) is the only seep/adit in the Sugar Creek area with mean total mercury concentrations 
greater than concentrations in Sugar Creek, which may be increasing total mercury concentrations in 
Sugar Creek between YP-T-8A and YP-T-7.  

Mean total mercury concentrations in West End Creek appear to decrease along its course from 
YP-T-37 to YP-T-6 as it flows through the area of the West End Pit. The relatively lower total mercury 
concentrations in West End Creek and all seeps/adits other than the Bonanza adit seep appear to 
slightly reduce the total mercury concentration in Sugar Creek from YP-T-7 to YP-T-1, though the 
overall total mercury concentration in Sugar Creek before its confluence with the EFSFSR remains 
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high. Because total mercury concentrations are relatively high at the uppermost monitoring locations 
in West End Creek, it is likely that elevated total mercury is related to natural mineralization there. 

Figures 7-47 and 7-48 provide time series plots of concentrations of total antimony, total arsenic, 
and total mercury for Sugar Creek monitoring locations YP-T-8A and YP-T-1, respectively. YP-T-8A and 
YP-T-1 are located upstream and downstream of the historical mining facilities in the Sugar Creek 
area, respectively. The graphs also show time series of flow data from the USGS stations nearest 
each monitoring location. At both monitoring locations, similar seasonal responses in water quality 
are observed that are characterized by temporary decreases in total antimony and temporary 
increases in total mercury in the spring. This suggests that dilution from seasonal runoff/snowmelt 
counteracts any loading of total antimony and total arsenic to surface water while simultaneously 
resuspending total mercury into surface water. 

 
Figure 7-47. Flow and selected COIs in Upper Sugar Creek (YP-T-8A): April 2012–February 2016 

Note: Flow data are calculated from USGS Station 13311450 (Sugar Creek near YP-T-1) as a contributing watershed-scaled proportion of 
the flow measured at that downstream USGS station. The gaps in water quality data in the winter of 2012–13 and spring 2014 occur 

because this site was not safely accessible for sampling during those periods. 
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Figure 7-48. Flow and selected COIs in Sugar Creek above EFSFSR (YP-T-1): April 2012–February 2016 

Note: Flow data are from USGS Station 13311450 (Sugar Creek near YP-T-1). 

7.7.4 Summary of Primary Sources of COIs 
A long history of mining activities has occurred in the Project Area and COIs have been released to 
surface water via seeps and springs near historical mining features as well as near native 
undisturbed mineralization. The presence and distribution of the key COIs (arsenic, antimony, and 
mercury) provide a basic understanding of the primary potential sources of constituents to the water 
system as they are the primary COIs present in the EFSFSR above criteria, generally have the highest 
concentrations, are most widespread in the Project Area and other than mercury, are the key COIs in 
groundwater.  

The primary sources of constituents to surface water include seeps and springs near rock dumps, 
seeps from underground adits and tunnels, and natural seeps through pit walls or other mineralized 
areas. Identified sources are described below by tributary or stream reach;  

Meadow Creek 
• SODA and Bradley Tailings seeps at the Keyway: (locations YP-S-6, YP-S-7, YP-S -8, YP-S -10 and 

settling pond YP-M-3)  
• Meadow Creek Mine adit seep (location YP-AS-7) 
• Mill/smelter and heap leach areas, the latter of which is underlain by Bradley tailings (locations 

YP-T-23A, YP-S-2, YP-S-5) 
• Natural mineralization under the valley floor  

EFSFSR Between Meadow Creek and the Yellow Pine Pit 
• Natural seep in an old haul road (location YP-S-9) 
• Natural seep in the Garnet Pit (location YP-S-3)  
• DMEA rock dump seep (location YP-T-17) 
• DMEA adit seep (location YP-AS-6) 
• Natural mineralization under the valley floor 
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• Natural seep in Homestake Pit (location YP-HP-S1) 
• Monday Tunnel adit seep (location YP-AS-3) 
• Bradley rock dumps (locations YP-SEB-1 and YP-SEB-2) 
• Cinnabar adit seep (location YP-AS-4) 
• Natural mineralization under the valley floor 
Sugar Creek 
• Adit seep (location YP-AS-1). 
• Bailey Tunnel adit seep (location YP-AS-2) 
• Upgradient sources (as indicated by YP-T-8A) 

Sources of COIs to surface water include both natural and legacy mine features. It is important to 
note that although the concentrations of COIs in most the seeps and adits are elevated as shown in 
Table 7-25, the flows from these features are very low. As most of the legacy mine features will be 
removed by the SGP operations, so will the sources of COI to the waterways. 
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Table 7-25. Statistics of Key COIs by Stream Reach 

Sample ID Type Location Description 
Average 

Flow  
cfs 

Count 

Arsenic  
(Standard for Comparison= 10 µg/L) 

Antimony  
(Standard for Comparison= 5.2 µg/L) 

Mercury  
(Standard for Comparison= 12 ng/L) 

Concentrations in micrograms per liter Concentrations in nanograms per liter 

Min. Max. Mean Median Min. Max. Mean Median Min. Max. Mean Median 
EFSFSR Upgradient of Meadow Creek 

YP-T-22 Tributary Meadow Creek downstream of East Fork, end of 
runway 17.94 35 14.5 63.5 37.3 36.7 2.47 38.2 8 6.4 1.3 404 19 2.8 

YP-SR-11 River EFSFSR above Meadow Creek 10.47 37 4.7 13 10.2 11.4 0.47 1.9 1.08 1.06 2.9 37 7.70 5.2 

YP-T-21 Tributary Rabbit Creek 0.95 37 35.9 62.4 52.6 54.5 5.46 10.4 7.98 7.9 5.7 62.6 18.43 14.7 

YP-SR-14 River EFSFSR 4.47 25 0.6 1.5 0.8 0.7 0.05 0.5 0.10 0.08 0.5 9 2.00 1 

YP-SR-13 River EFSFSR  11.56 37 2 5.8 4.3 4.8 0.1 0.5 0.16 0.14 1.8 29.2 7.27 5.2 

Meadow Creek 
YP-T-33 Tributary Upstream of SODA 9.22 35 0.8 2.6 1.3 1.3 0.23 0.78 0.33 0.27 0.7 4.8 1.6 1.2 

YP-T-29 Tributary East Fork Meadow Creek 4.69 35 4.3 10.5 7.2 7.4 0.47 1.54 1.02 1.08 NM NM NM NM 

YP-M-3 Seep Settling pond on northeast corner of SODA 0.135 16 33 583 132 100 6 192 34 17 4 6,600 427 33 

YP-S-8 Seep North Keyway Dam seep 0.008 17 1,710 4,650 3,069 2,970 307 1,700 651 458 3 37 13 7 

YP-S-7 Seep Middle Keyway Dam seep 0.01 16 2,540 48,600 14,449 10,290 9 2,450 506 173 1 616 138 44 

YP-S-6 Seep South Keyway Dam seep 0.0036 18 235 34,400 4,308 1,580 5 229 50 31 1 201 55 33 

YP-S-10 Seep Keyway Marsh outlet 0.21 18 36 6,540 501 125 15 135 47 42 2 28 9 7 

YP-T-23A Seep Heap Leach seep 0.02 22 328 5,130 1,439 965 49 4,920 1,494 1,045 7 390 67 20 

YP-S-5 Seep Hangar Flat seep 0.02 7 906 2,950 1,409 1,190 38 2,870 1,878 2,210 24 11,700 1,738 72 

YP-AS-7 Adit seep Meadow Creek adit seep 0.0023 8 1,100 44,800 18,289 15,700 41 270 170 179 12 746 309 186 

YP-S-2 Seep Meadow Creek Fault seep 0.004 6 699 1,350 1,063 1,070 9 20 13 12 60 781 393 365 

YP-SR 10 River EFSFSR below Meadow Creek 23.97  35 10.1 48.7 26.4 26.9 4.0 46.6 12.8 10.6 2 30.4 5.7 4.8 

EFSFSR Meadow Creek to Yellow Pine Pit 
YP-AS-6 Adit seep DMEA adit seep 0.005 17 192 314 243 244 15 26 22 23 1 8 4 3 

YP-T-17 Seep DMEA rock seep  0.02 18 160 3,230 613 228 16 58 32 30 2 415 60 8 

YP-S-9 Seep Old haul road seep 0.002 13 134 1,320 236 144 84 123 93 91 2 106 16 8 
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Table 7-25. Statistics of Key COIs by Stream Reach 

Sample ID Type Location Description 
Average 

Flow  
cfs 

Count 

Arsenic  
(Standard for Comparison= 10 µg/L) 

Antimony  
(Standard for Comparison= 5.2 µg/L) 

Mercury  
(Standard for Comparison= 12 ng/L) 

Concentrations in micrograms per liter Concentrations in nanograms per liter 

Min. Max. Mean Median Min. Max. Mean Median Min. Max. Mean Median 
YP-T-15 Seep Old haul road seep 0.15 37 76 119 92 88 32 59 45 44 1 12 4 3 

YP-S-3 Seep Garnet Pit seep 0.05 14 19 245 151 195 9 32 23 29 2 67 17 15 

YP-T-35 Tributary Garnet Creek south of Midas Gold shop 0.19 33 66 221 165 176 22 58 44 48 3 38 9 7 

YP-SR-8 River Downstream of DMEA, upstream of Fiddle Creek 19.33 37 13 58 30 30 6 61 17 13 2 20 6 4 

YP-T-11 Tributary Fiddle Creek 10.41 37 1 4 2 2 0 1 1 1 1 14 4 3 

EFSFSR Yellow Pine Pit to Sugar Creek 
YP-AS-3 Adit seep Monday Tunnel adit seep 0.005 18 19 19,600 1,702 109 0.45 40 8 3 2 882 109 7 

YP-HP-S1 Seep Homestake Pit seep 0.085 15 21 3,740 559 190 4 39 23 25 4 370 41 15 

YP-SEBS-1 Seep North/southeast Bradley rock dump seep 0.036 13 91 201 125 115 12 22 18 19 1 8 3 2 

YP-SEBS-2 Seep South/southeast Bradley rock dump seep 0.25 13 124 169 140 139 52 59 55 55 1 5 2 2 

YP-AS-4 Adit Seep Cinnabar Tunnel adit seep 0.1 18 83 126 108 109 43 55 49 49 1 10 3 3 

YP-T-6 Tributary Lower West End Creek 0.51 36 29 97 80 81 4 13 10 11 6 18 8 7 

YP-T-49 Tributary Middle West End Creek 0.71 5 17 19 18 19 4 4 4 4 7 30 13 10 

YP-T-42 Tributary Upper Midnight Creek 0.99 23 41 63 53 53 38 70 56 57 8 168 30 23 

YP-SR-4 River Below Yellow Pine Pit 16.92 37 22 116 70 74 10 62 31 30 2 33 6 4 

Upgradient on Sugar Creek 
YP-AS-1 Adit seep Adit upstream on West End Creek 0.01 16 42 2,190 301 90 129 911 263 218 23 3,800 726 108 

YP-AS-2 Adit seep Bailey Tunnel adit seep 0.08 18 141 794 284 175 111 308 196 177 1 7 2 1 

YP-T-7 Tributary Sugar Creek 12.51 37 4 10 6 6 0 1 1 1 8 3,660 217 40 

YP-T-8A Tributary Sugar Creek 19.21 31 4 7 5 5 0 1 1 1 10 863 117 36 

Notes: Standards for arsenic and antimony are the lowest criteria per Table 6-1.  
NM = not measured. 
Bold font used to highlight primary sources. = >10X standard. 
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Groundwater Resources 
This section provides a summary of the sources of groundwater resources data; hydrogeologic 
setting; baseline groundwater monitoring network; aquifer testing; groundwater levels; groundwater 
flow directions, horizontal and vertical gradients; and groundwater quality data.  

8.1 Sources of Data 
Section 3 provides a summary of the baseline study documents developed to assess the 
groundwater hydrology and quality prior to mining activities at the SGP site. The sections below 
provide additional summary information on these sources of data. Copies of the four water resources 
baseline study reports are provided electronically. Other previous studies are referenced in 
subsequent sections as appropriate and listed in the baseline studies.  

8.1.1 Groundwater Hydrology  
The following sub-sections provide details regarding groundwater hydrology at the SGP site. 

Groundwater Hydrology Baseline Study. Two groundwater hydrology baseline documents were 
prepared for this project: Groundwater Hydrology Baseline Study Work Plan and Final Groundwater 
Hydrology Baseline Study (MWH 2012b; SPF 2017).  

The Groundwater Hydrology Baseline Study Work Plan defines the objectives and approach for 
conducting the proposed field investigations (MWH 2012b). The objectives of the baseline 
groundwater hydrology field investigation were to characterize the groundwater flow regime within 
the Study Area, define the interaction with the regional groundwater system (if any), evaluate the 
groundwater and surface water interaction, and characterize the groundwater conditions at and near 
areas where groundwater could be impacted by the proposed mining activities. Field investigation 
components of the groundwater hydrology baseline study included testing of hydraulic properties of 
alluvium and bedrock materials and groundwater elevation measurements for calculating 
potentiometric surface elevations and hydraulic gradients and flow directions (MWH 2012b). 
Figures 8-1 and 8-2, respectively, show the alluvial and bedrock monitoring wells that were used in 
the groundwater baseline studies. 

The results of the Final Groundwater Hydrology Baseline Study establish baseline conditions for 
assessing potential impacts to groundwater that could occur from proposed SGP activities (SPF 
2017). The study provides an overview of the groundwater hydrology, discusses the regulatory 
environment, summarizes the methodology used to characterize the existing groundwater hydrology, 
and discusses the affected environment as it relates to groundwater hydrology. A summary of 
specific field activities conducted as part of the baseline study include the following: 
• Installing more than 31 water quality monitoring wells for measuring groundwater levels and 

determining hydraulic properties (MWH 2012b).  
• Installing four multi-level samplers for water quality monitoring and measuring water levels 

(MWH 2013). 
• Installing and monitoring vibrating wire piezometers (VWPs) in six geotechnical boreholes (SRK 

2013b).  

Section 8 
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• Installing approximately 32 standpipe piezometers in drill holes in overburden or alluvial 
materials, 4 of which are equipped with water level loggers (SRK 2013b). 

• Conducting pressure injection packer tests in 10 boreholes (SRK 2013b). Of 62 tests conducted, 
48 were considered successful and provided data on hydraulic conductivity of bedrock materials. 

• Slug testing of 15 monitoring wells (MWH 2013).  
• Conducting a 31-day aquifer pumping test of the Stibnite Gestrin airstrip well in December 2013 

(JSAI 2017a). 
• Performing an aquifer pumping test of the new Camp well (SPF 2017). 

Groundwater Hydrology Numerical Modeling. In support of the SPG, JSAI developed a work plan for 
numerical modeling of groundwater and surface water hydrology to simulate hydrologic conditions 
within the Study Area. This work is summarized in the Groundwater Modeling Work Plan and the 
Hydrologic Model Report of the Upper Watershed of the East Fork of the South Fork of the Salmon 
River (JSAI 2017a, 2017b). 

The model will combine a spreadsheet-based water balance -- tracking precipitation, snow 
accumulation, and snowmelt -- with a numerical model of groundwater and surface water flow using 
the industry standard USGS MODFLOW program. The result will be a numerical model of groundwater 
and surface water flows under a range of wet and dry climatic conditions. The work plan documents 
the model approach, concept, program, structure, inputs, and calibration methods (JSAI 2017a). 

The groundwater model is being developed to estimate dewatering rates required to develop open-
pit mines; estimate ranges of surface and groundwater flows at different locations (under different 
conditions and at different phases of mining and post-closure) to support site-wide water balance 
modeling; provide water balance inputs to site water quality modeling; estimate the local effects of 
dewatering and water management strategies on groundwater levels, wetlands, and streamflows; 
project post-mining open-pit filling and pit water balances; and estimate the downstream effects of 
the SGP (i.e., changes in Meadow Creek and EFSFSR flows) (JSAI 2017a).  

8.1.2 Groundwater Quality Baseline Study 
As discussed in Section 3, several groundwater quality baseline study work plans were developed for 
Midas Gold (MWH 2012c, 2014a, 2016). In addition, several corresponding QAPP-GWQSP 
documents were prepared (MWH 2012d, 2013, 2014b, 2015). These plans define the objectives 
and approach of the study.  

The baseline field investigations consisted of multiple components including groundwater sample 
collection and laboratory analysis, groundwater elevation measurement, and data evaluation and 
reporting. The sampling program includes 31 monitoring wells that were installed in 2012 and early 
2013 (Figures 8-1 and 8-2). Of the 31 wells, 19 are alluvial wells and 12 are bedrock wells. 

The Groundwater Quality Baseline Study was designed to characterize existing groundwater quality 
prior to the start of mining operations at the SGP site (HDR 2016b). This report covers the 
groundwater quality that potentially could be affected by the SGP and will be used to support the 
USFS EIS.  

As discussed in this WRSR, groundwater within the Study Area is evaluated in terms of quality, 
quantity, and movement. Existing monitoring wells (Figures 8-1 and 8-2) were designed to provide 
access to groundwater for sampling. The Groundwater Quality Baseline Study report and this WRSR 
encompass data collected from September 2012 through March 2016 (HDR 2016b).   
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8.1.3 IDWR Well Records 
The Idaho Department of Water Resources (IDWR) has statutory authority for state-wide 
administration of the rules governing well construction and licensing drillers in Idaho. Prior to drilling 
a well, the well owner or well driller generally must first obtain a drilling permit from IDWR; all wells 
must be constructed by a well driller with a valid license from IDWR. Examples of permittable wells 
include all water supply wells, monitoring wells, low-temperature geothermal wells, geothermal wells, 
injection wells, and other artificial openings and excavations in the ground greater than 18 vertical 
feet below land surface (IDWR 2017a). 

IDWR records indicate that three permitted water supply wells are located within the Study Area The 
three supply well locations are shown on Figure 8-3 and Appendix C-1 includes the well logs. A 
summary of these three wells is provided below: 
• The Gestrin Airstrip permitted mining well (Permit 914059-862689), owned by Midas Gold and 

located near the airstrip. Per the well driller’s report, this is an 8-inch-diameter well in alluvium 
with a casing depth of 109 feet below ground surface (bgs). The perforated screen is from 99 to 
109 feet bgs. Static water was encountered at 18 feet bgs with a discharge rate of 100 to 150 
gallons per minute (gpm). 

• The original temporary Camp water supply well (Permit 913929-862557), permitted in 1981 in 
the mine shop area. Per the well driller’s report, this is a 6-inch-diameter well with a casing depth 
of 77.5 feet bgs in alluvium. The perforated screen is from 58 feet to 72 feet bgs. Static water 
was encountered at 12 feet bgs with a discharge rate of 30 gpm.  

• The new Camp water supply well (Permit 914899-863525) in alluvium on Stibnite Road. Per the 
well driller’s report, this is an 8-inch-diameter well with a casing depth of 58 feet bgs. The total 
depth is 72 feet bgs. The stainless-steel screen is from 57 feet to 64 feet bgs. Static water was 
encountered at 14 feet bgs with a discharge rate of 15 gpm (IDWR 2017b).  

The status of the three water supply wells is provided below in Section 8.2.2. 
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8.2 Hydrogeologic Setting  
This section provides a summary of groundwater recharge, groundwater pumping, groundwater flow 
systems, and hydrogeologic boundaries. 

8.2.1 Groundwater Recharge 
Groundwater recharge to local shallow alluvial and shallow and intermediate bedrock groundwater 
flow systems occurs primarily by infiltration of precipitation and snowmelt. Precipitation within the 
region occurs mainly as snowfall and, as the snowpack melts, recharge occurs within local 
unconsolidated deposits in valleys and on mountain slopes, thus supporting localized alluvial aquifer 
flow systems. Elevation plays a key role, with greater amounts of snowfall and snowmelt occurring in 
areas of topographic highs.  

Recharge may also infiltrate to groundwater locally through more permeable fault structures, 
including sections of the Meadow Creek Fault zone, which could support intermediate bedrock flow 
systems.  

Finally, recharge to alluvial groundwater within valley settings may occur along losing sections of 
local rivers and streams as well as from wetlands. 

Methods for estimating groundwater recharge are presented in the Groundwater Modeling Work 
Plan and estimated recharge will be presented in the Groundwater Modeling Report (JSAI 2017a, 
2017b). 

8.2.2 Groundwater Pumping 
As discussed in Section 8.1.3 and per the IDWR database, there is one permitted mining well (the 
Stibnite Gestrin airstrip well) with a production capacity of 100 gpm, one water supply well (the new 
Camp replacement well) with a production capacity of 30 gpm, and one permitted water supply well 
(the old temporary Camp well) with a production capacity of 15 gpm. The depths of these wells are 
109, 77, and 72 feet bgs, respectively.  

Per Midas Gold, the Gestrin well production when drilling activities are in progress and the well is 
being used can vary from 10,000 to 20,000 gallons per day. The new Camp well production is zero 
(it has never been used, except to test the drinking water system in 2014). The old Camp has not 
been used since 2013). 

8.2.3 Groundwater Flow Systems  
Groundwater flow in the Study Area occurs in the Quaternary unconsolidated deposits in valleys 
(primarily alluvium, glacial, and glaciofluvial materials, collectively referred to as the alluvial aquifer) 
and on mountainsides (glacial moraines, colluvial and landslide materials). Additional groundwater 
may also be contributed to the alluvial aquifer from localized permeable fractures in shallow bedrock 
(SPF 2017). Flow also occurs in permeable geologic structures (fracture zones and faults) within 
deeper bedrock (SPF 2017). Lastly, historical mine workings such as adits may discharge to 
Quaternary aquifers.  

Alluvial Aquifer. The Quaternary unconsolidated deposits in stream valleys consist of alluvium, 
glacial materials (e.g., lateral, terminal, and recessional moraines), glaciofluvial deposits (i.e., 
outwash), and colluvium. These unconsolidated deposits include silt-, sand-, gravel-, and cobble-
sized materials. Groundwater flow in these unconsolidated deposits occurs within the pore spaces of 
the materials and is generally unconfined. Groundwater in the Quaternary unconsolidated deposits 
enters as recharge from snowmelt, precipitation, and infiltration of surface runoff from upland areas 
and flow from underlying fractured bedrock. The groundwater in the unconsolidated deposits 
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discharges primarily to surface streams, but may also discharge locally to wetlands, seeps, and 
springs. The discharge to seeps and springs from unconsolidated deposits sometimes flows only a 
short distance over the surface before infiltrating back into the unconsolidated materials (SPF 
2017).  

Structure-Controlled Flow. The potential for intermediate-scale groundwater flow in bedrock also 
exists in the larger fault zones described in Section 5.2.2, such as the Meadow Creek, West End, and 
Scout Valley fault zones. Significant groundwater flow in this type of structure requires the major 
geologic structures to be permeable (e.g., brecciated), physically well-connected, and have hydraulic 
gradients that would transmit groundwater over significant distances. The Meadow Creek Fault zone 
and other fault zones in the area include zones of both relatively permeable brecciated materials 
and relatively impermeable gouge and other low-permeability altered materials (Section 5.2.2 and 
Table 5-2). Zones of relatively impermeable materials inhibit regional-scale groundwater flow (SPF 
2017). The geologic structures that likely extend to deeper depths in bedrock appear to be 
connected based on geologic mapping; however, the groundwater flow is limited to the planes of 
these structures and does not extend into the surrounding unfractured bedrock (Stewart et al. 
2016). Where these fault zones cross stream valleys is also where groundwater recharged into the 
structures at higher elevations would likely discharge to the streambeds. Significant regional-scale 
groundwater flow is unlikely given the zones of low-permeability materials filling major geologic 
structures and the likely drainage of these structures where they cross stream valleys that would 
prevent the development of hydraulic gradients for regional-scale flow. 

Bedrock Flow. Groundwater occurrence in bedrock is principally found in and controlled by localized 
fractures that are generally more shallow than major geologic structures. These localized bedrock 
fractures are recharged from snowmelt and precipitation on mountainsides, and are connected to 
bedrock fractures beneath alluvial and glacially derived unconsolidated materials in stream valleys. 
Groundwater flow in bedrock is controlled by topography and the widths and interconnections of 
fractures. Where these fractures are filled with gouge, alteration products, or other low-permeability 
materials, groundwater flow may be locally confined (in some cases artesian) or semi-confined—
otherwise groundwater in these fractures is unconfined. The groundwater in these fractures 
discharges to seeps and springs, historical mine workings (e.g., adits), and to streams either directly 
or through unconsolidated deposits in stream valleys (SPF 2017). Historical mine workings such as 
adits also locally discharge to seeps and springs. 

Hydrogeologic Boundaries. Based on the high topographic relief in the area, groundwater flow is 
likely predominantly topographically driven with groundwater recharge on mountainsides flowing 
through shallow fractured bedrock to unconsolidated deposits, discharging mainly in surface water 
streams as well as springs and seeps. As such, groundwater flow divides are likely roughly coincident 
with surface water divides, including the watershed boundary that forms the Study Area (Figures 1-3 
and 7-1). However, relatively permeable geologic structures in deeper bedrock could—in theory—
allow groundwater flow across these surface water catchment areas; or, relatively impermeable 
geologic structures may compartmentalize flow within these catchment areas. Where these geologic 
structures cross unconsolidated deposits in stream valleys, groundwater likely discharges from the 
geologic structure to the unconsolidated deposits (i.e., the unconsolidated deposits and streams 
function as drains for the geologic structures, limiting the potential for groundwater recharged into 
the geologic structures at higher elevations to flow downgradient across surface watershed 
boundaries). 

8.3 Baseline Groundwater Monitoring Network 
The objectives of the Final Groundwater Hydrology Baseline Study and the Groundwater Quality 
Baseline Study are to characterize existing conditions of the Study Area (Figure 1-3), where 
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groundwater levels or groundwater flow could potentially be affected by the SGP, prior to the start of 
proposed mining operations (SPF 2017; HDR 2016b). As such, the Study Area has an extensive 
groundwater monitoring network, consisting of monitoring wells and VWPs, as discussed below.  

8.3.1 Monitoring Wells 
The total groundwater monitoring well network at the Study Area currently consists of 66 wells, which 
are completed in the alluvial aquifer (48 wells), bedrock (15 wells) and in both units, as multi-level 
samplers (3 wells). A total of 31 wells are used for water quality sampling: 19 alluvial and 12 
bedrock wells. Monitoring well locations and completion information are summarized in Table 8-1 
and are shown on Figures 8-1 and 8-2 for the alluvial and bedrock wells, respectively. Appendix C-2 
includes the monitoring well construction diagrams. 

The alluvial wells were installed to characterize groundwater conditions in the shallow alluvial 
aquifer. They are typically screened (open to the aquifer) in the first saturated zone of higher 
permeability encountered during drilling. Alluvial wells were installed only if shallow groundwater (i.e., 
a minimum of 5 vertical feet of saturated alluvium) was encountered during installation of the 
adjacent bedrock sampler (MWH 2012c).  

Multi-level groundwater monitoring devices were installed in completed coreholes to characterize 
groundwater conditions within the faults, fractures, and joints of the native bedrock. In general, 
multi-level groundwater sampling devices use a single closed access tube with valved ports to 
provide access to targeted water-bearing zones; hydraulic packers provide an annular seal above 
and below the respective ports. The use of multi-level groundwater monitoring devices allows for 
discrete slug testing and sampling of specific (i.e., targeted) flow zones throughout the entire 
bedrock corehole. Representative groundwater samples are collected, in situ, by means of a valved 
sample port within each targeted zone (MWH 2012c).  
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Table 8-1. Monitoring Well Network: Wells Included in Groundwater Hydrology and Quality Baseline Studies 

Well ID Alternate  
Well ID Aquifer/lithology Northing a 

(meters) 
Easting a 
(meters) Location Drainage Completion 

Date 
IDWR Tag 
Number 

Well 
Casing 

Stick Up 
(feet) 

Well 
Diameter 
(inches) 

M. P. 
Elevation 

(TOC) 

Ground 
Elevation  
(ft amsl) 

Top of 
Screen  
(ft bgs) 

Bottom of 
Screen  
(ft bgs) 

Total 
Depth  
(ft bgs) 

Included in Final 
Groundwater Hydrology 

Baseline Study  
(SPF 2017) 

Included in 
Groundwater 

Quality Baseline 
Study (HDR 

2016b) 

Gestrin Well 
Stibnite 
Gestrin 
Airstrip 

Alluvial/overburden 4,972,999.73 631,510.21 Meadow Creek valley near middle of 
airstrip Meadow 11/23/2011 D0060354 2.23 8 6544.23 6542.55 99 109 109 Yes Yes 

MWH-A01 SRK-GM-32S Alluvial/glacial till 4,971,702.96 628,832.88 Upper Meadow Creek valley Meadow 2/22/2012 D0060261 2.76 2 6787.11 6784.35 30 40 55 Yes Yes 

MWH-A02 SRK-GM-25S Alluvial/overburden 4,972,254.36 630,686.86 Meadow Creek valley on SODA Meadow 12/1/2011 D0060254 1.33 2 6660.54 6659.21 100 110 170 Yes Yes 

MWH-A03 – Alluvial/overburden 4,971,731.11 631,314.58 Blowout Creek hillside Meadow 3/16/2013 D0064132 2.36 2 7035.89 7033.53 290 310 316 Yes Yes 

MWH-A04 – Alluvial/overburden 4,972,805.51 631,131.25 Meadow Creek valley in Smelter Flats Meadow 8/4/2012 D0063896 2.38 2 6565.70 6563.32 55 65 75 Yes Yes 

MWH-A05 – Alluvial/overburden 4,973,043.48 631,493.44 Meadow Creek valley near middle of 
airstrip Meadow 8/15/2012 D0063901 2.34 4 6545.25 6542.91 34 44 47.5 Yes Yes 

MWH-A06 – Alluvial/monzonite 4,973,465.54 631,170.87 Hillside north of Hanger Flats Meadow 10/29/2012 None 
needed 3.22 2 7325.13 7321.91 9 13.9 17 Yes No 

MWH-A07 – Alluvial/overburden 4,973,448.80 631,902.13 Meadow Creek valley near EFSFSR Meadow 8/7/2012 D0063902 3.22 4 6523.03 6519.81 32 42 48.4 Yes Yes 

MWH-A08 – Alluvial/overburden 4,973,507.52 632,205.45 EFSFSR valley near town site EFSFSR 11/15/2012 D0064039 1.59 2 6527.01 6525.42 27.7 37.7 39.5 Yes Yes 

MWH-A09 – Alluvial/overburden 4,973,886.71 631,971.01 EFSFSR valley near Garnet Creek EFSFSR 9/9/2012 D0063989 1.6 2 6463.93 6462.33 21 26 26 Yes Yes 

MWH-A10 – Alluvial/overburden 4,974,164.27 631,994.41 EFSFSR valley between shop and camp EFSFSR 8/2/2012 D0063897 1.89 2 6440.83 6438.94 20 30 30 Yes Yes 

MWH-A12 – Alluvial/overburden 4,974,443.47 632,128.58 EFSFSR valley near Scout prospect EFSFSR 2/15/2013 D0064137 2.99 2 6501.48 6498.49 50 60 60.8 Yes Yes 

MWH-A13 – Alluvial/overburden 4,974,760.04 631,994.56 EFSFSR valley between Garnet and 
Midnight creeks EFSFSR 2/21/2013 D0064139 3.11 2 6429.65 6426.54 50 65 70 Yes Yes 

MWH-A14 – Alluvial/overburden 4,975,755.20 631,755.90 EFSFSR valley near Midnight Creek EFSFSR 2/26/2013 D0064141 3.36 2 6290.99 6287.63 59 69 70 Yes Yes 

MWH-A15 – Alluvial/overburden 4,975,440.32 631,573.42 EFSFSR valley near Fiddle Creek EFSFSR 11/10/2012 D0064040 2.52 2 6356.42 6353.90 70 75 75.3 Yes Yes 

MWH-A17 SRK-GM-05S Alluvial/overburden 4,976,604.50 631,112.79 EFSFSR valley near upper Hennessy 
Creek EFSFSR 10/29/2011 D0060234 0.61 2 6202.41 6201.80 98 108 160 Yes Yes 

MWH-A18 – Alluvial/overburden 4,977,057.21 631,292.59 EFSFSR valley near Homestake Road EFSFSR 9/13/2012 D0063986 1.85 2 5976.88 5975.03 20 30 30.4 Yes Yes 

MWH-A19 SRK-GM-08S Alluvial/overburden 4,977,080.11 631,146.69 EFSFSR valley near lower Hennessy 
Creek EFSFSR 10/15/2011 D0060237 1.16 2 6022.02 6020.86 50 60 100 Yes Yes 

MWH-A20 – Alluvial/overburden 4,976,914.93 632,650.15 Lower West End dump Sugar 10/25/2012 D0063918 2.36 2 6656.32 6653.96 43 53 58 Yes No 

MWH-B01 – Bedrock/diorite and 
granite 4,971,705.94 628,833.07 Upper Meadow Creek valley Meadow 3/2/2013 D0064134 1.67 2 6787.98 6786.31 125 135 178.6 Yes Yes 

MWH-B02 – Bedrock/quartz 
monzonite and granite 4,972,374.30 630,253.38 Meadow Creek valley north of SODA Meadow 9/22/2012 D0063907 1.93 2 6639.16 6637.23 48 58 60 Yes Yes 

MWH-B03 – Bedrock/alaskite 4,971,729.77 631,311.97 Blowout Creek hillside Meadow 3/10/2013 D0064133 4.03 2 7042.31 7038.28 463 478 547 Yes Yes 

MWH-B04 – Bedrock/quartz 
monzonite 4,972,805.44 631,134.26 Meadow Creek valley in Smelter Flats Meadow 8/7/2012 D0063899 2.47 2 6565.72 6563.25 238.2 258.2 260 Yes Yes 

MWH-B05 – Bedrock/quartz 
monzonite 4,973,050.44 631,495.47 Meadow Creek valley near middle of 

airstrip Meadow 8/18/2012 D0063900 2.58 4 6545.75 6543.17 208 218 223 Yes Yes 

MWH-B07 – Bedrock/quartz 
monzonite 4,973,452.64 631,902.23 Meadow Creek valley near EFSFSR Meadow 9/4/2012 D0063984 2.2 4 6521.75 6519.55 284 294 295 Yes Yes 

MWH-B08 – Bedrock – – EFSFSR valley near town site – 11/13/2012 D0063985 – – – 6478.90 – – 300 Yes No 
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Table 8-1. Monitoring Well Network: Wells Included in Groundwater Hydrology and Quality Baseline Studies 

Well ID Alternate  
Well ID Aquifer/lithology Northing a 

(meters) 
Easting a 
(meters) Location Drainage Completion 

Date 
IDWR Tag 
Number 

Well 
Casing 

Stick Up 
(feet) 

Well 
Diameter 
(inches) 

M. P. 
Elevation 

(TOC) 

Ground 
Elevation  
(ft amsl) 

Top of 
Screen  
(ft bgs) 

Bottom of 
Screen  
(ft bgs) 

Total 
Depth  
(ft bgs) 

Included in Final 
Groundwater Hydrology 

Baseline Study  
(SPF 2017) 

Included in 
Groundwater 

Quality Baseline 
Study (HDR 

2016b) 

MWH-B09 – Bedrock/calc-silicate 4,973,889.63 631,971.45 EFSFSR valley near Garnet Creek EFSFSR 9/8/2012 D0063983 1.65 2 6464.08 6462.43 85 100 100 Yes Yes 

MWH-B10 – Bedrock/calc-silicate 4,974,161.05 631,995.82 EFSFSR valley between shop and camp EFSFSR 7/20/2012 D0063898 1.99 2 6440.76 6438.77 78 88 90 Yes Yes 

MWH-B12 – Bedrock/quartz 
monzonite 4,974,440.26 632,129.18 EFSFSR valley near Scout prospect EFSFSR 2/13/2013 D0064138 2.91 2 6501.00 6498.09 130 140 156 Yes Yes 

MWH-B13 – Bedrock/quartz-schist 4,974,757.25 631,995.04 EFSFSR valley between Garnet and 
Midnight creeks EFSFSR 2/20/2013 D0064140 2.94 2 6429.25 6426.31 120 130 303 Yes Yes 

MWH-B14 – Bedrock/quartz 
monzonite – – EFSFSR valley near Midnight Creek EFSFSR 2/25/2013 D0064142 – 2 – 6287.63 180 190 300 Yes No 

MWH-B15 – Bedrock/quartz 
monzonite 4,975,438.39 631,569.90 EFSFSR valley near Fiddle Creek EFSFSR 11/7/2012 D0063987 2.25 2 6356.61 6354.36 154.7 184.7 186.5 Yes Yes 

MWH-B16 MGI-12-319 

Multi-level 
sampler/quart 
monzonite, alaskite and 
diorite 

4,976,238.55 631,542.12 EFSFSR valley east of Yellow Pine Pit  – 10/16/2012 D0064044 – 2 – 6204.06 – – 987 No No 

MWH-B17 MGI‐12‐336 
Multi-level 
sampler/quartz 
monzonite and alaskite 

4,976,294.90 631,132.27 EFSFSR southwest of Yellow Pine Pit 
and FS 412 – 11/1/2012 D0064045 – 2 – 6306.82 – – 982.5 No No 

MWH-B19 – Bedrock 4,977,081.87 631,139.79 EFSFSR valley near lower Hennessy 
Creek EFSFSR 9/16/2012 D0063988 2.25 – 6022.62 6020.37 – – 300 Yes No 

MWH-B20 
– Bedrock/quartzite, 

schist, pelite and meta-
siltstone 

4,976,915.87 632,652.15 Lower West End dump Sugar 7/24/2013 D0064042 2.29 4 6656.32 6654.03 446 476 476.4 Yes Yes 

MWH-B22 MGI‐12‐316 Multi-level sampler 4,975,987.63 632,200.43 North of Stibnite Pit, north side of 
Midnight Creek drainage – 10/2/2012 D0064043 – 2 – 6968.89 – – 536 Yes No 

SRK-GM-02S – Alluvial/overburden 4,977,165.03 630,855.23 EFSFSR valley northwest of USFS 
tailings repository EFSFSR 10/21/2011 D0600231 0.9 2 6078.81 6077.91 162 172 180 Yes No 

SRK-GM-03S – Alluvial/overburden 4,977,093.54 630,964.84 EFSFSR valley north of USFS tailings 
repository EFSFSR 10/13/2011 D0600232 1.01 2 6048.18 6047.17 110 120 141 Yes Yes 

SRK-GM-04S – Alluvial/overburden 4,976,872.06 631,115.92 EFSFSR valley south of USFS tailings 
repository EFSFSR 10/25/2011 D0600233 0.88 2 6145.76 6144.88 100 110 180 Yes Yes 

SRK-GM-07S – Alluvial/overburden 4,975,499.78 631,708.29 EFSFSR valley near lower Fiddle Creek EFSFSR 3/13/2012 D0060236 2.9 2 6298.86 6295.96 24 34 65 Yes No 

SRK-GM-09S – Alluvial/overburden 4,976,964.71 631,213.14 EFSFSR valley on lower Yellow Pine Pit 
access road EFSFSR 10/8/2011 D0600238 2.22 2 6037.58 6035.36 58 68 104 Yes No 

SRK-GM-10S – Alluvial/overburden 4,976,758.08 631,308.85 EFSFSR valley on lower Yellow Pine Pit 
access road EFSFSR 2/15/2012 D0060239 1.69 2 6033.57 6031.88 27 37 86 Yes No 

SRK-GM-11S – Alluvial/overburden 4,975,898.15 631,425.61 EFSFSR valley south of Yellow Pine Pit EFSFSR 3/14/2012 D0060240 2.15 2 6180.66 6178.51 25 55 77 Yes No 

SRK-GM-12S – Alluvial/overburden 4,975,796.69 631,488.78 EFSFSR valley south of Yellow Pine Pit EFSFSR 3/12/2012 D0060241 2.68 2 6207.07 6204.39 26 36 57 Yes No 

SRK-GM-20S – Alluvial 4,973,505.18 631,808.69 Meadow Creek valley northwest of 
MGII laydown yard Meadow 2/13/2012 D0060249 – – – 6520.24 – – 60 Yes No 

SRK-GM-21S – Alluvial/overburden 4,973,050.62 631,499.14 Meadow Creek valley near middle of 
airstrip Meadow 11/2/2011 D0060250 0.57 2 6541.97 6541.40 170 180 220 Yes No 
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Table 8-1. Monitoring Well Network: Wells Included in Groundwater Hydrology and Quality Baseline Studies 

Well ID Alternate  
Well ID Aquifer/lithology Northing a 

(meters) 
Easting a 
(meters) Location Drainage Completion 

Date 
IDWR Tag 
Number 

Well 
Casing 

Stick Up 
(feet) 

Well 
Diameter 
(inches) 

M. P. 
Elevation 

(TOC) 

Ground 
Elevation  
(ft amsl) 

Top of 
Screen  
(ft bgs) 

Bottom of 
Screen  
(ft bgs) 

Total 
Depth  
(ft bgs) 

Included in Final 
Groundwater Hydrology 

Baseline Study  
(SPF 2017) 

Included in 
Groundwater 

Quality Baseline 
Study (HDR 

2016b) 

SRK-GM-22S – Alluvial/overburden 4,972,856.74 631,321.52 Meadow Creek valley near west end of 
airstrip Meadow 2/12/2012 D0060251 0.22 2 6549.69 6549.47 149 159 250 Yes No 

SRK-GM-23S – Alluvial/overburden 4,972,705.90 631,093.98 Meadow Creek valley west of airstrip Meadow 3/9/2012 – 2.27 2 6570.51 6568.24 88 98 238 Yes No 

SRK-GM-24S – Alluvial/sands 4,972,463.67 630,707.51 Meadow Creek valley, east end of 
SODA Meadow 11/12/2011 D0060253 1.13 2 6629.08 6627.95 107 117 150 Yes No 

SRK-GM-26S – Alluvial/sands 4,972,093.65 630,441.51 Meadow Creek valley, south side of 
SODA Meadow 12/3/2011 D0060255 0.88 2 6619.02 6618.14 74 84 100 Yes No 

SRK-GM-27S – Alluvial/overburden 4,971,998.64 630,093.14 Meadow Creek valley, west end of 
SODA Meadow 2/18/2012 D0060256 2.57 2 6614.70 6612.13 58 68 100 Yes No 

SRK-GM-28S – Alluvial/overburden 4,972,189.26 629,917.44 Meadow Creek valley, west of SODA Meadow 2/26/2012 D0060257 0.98 2 6615.54 6614.56 27 37 58 Yes No 

SRK-GM-29S – Alluvial/overburden 4,972,090.04 629,958.76 Meadow Creek valley, west of SODA Meadow 2/19/2012 D0060258 3.15 2 6608.26 6605.11 40 50 110 Yes No 

SRK-GM-30S – Alluvial/overburden 4,971,959.74 629,935.78 Meadow Creek valley, west of SODA Meadow 2/27/2012 D0060259 3.32 2 6632.12 6628.80 47 57 77 Yes No 

SRK-GM-31S – Alluvial/overburden 4,972,153.01 629,817.35 Meadow Creek valley, west of SODA Meadow 2/25/2012 D0060260 3.19 2 6620.80 6617.61 34 44 66 Yes No 

SRK-GM-34S – Alluvial/overburden 4,971,848.78 628,681.21 Upper Meadow Creek valley Meadow 2/22/2012 D0060263 2.63 2 6954.17 6951.54 30 40 50 Yes No 

SRK-GM-35S – Alluvial/overburden 4,972,066.43 629,787.07 Meadow Creek valley, west of SODA Meadow 2/20/2012 D0060264 3.3 2 6616.55 6613.25 39 49 100 Yes No 

SRK-GM-37S – Alluvial/overburden 4,971,918.52 629,801.22 Meadow Creek valley, west of SODA Meadow 2/27/2012 D0060266 2.26 2 6633.03 6630.77 21 31 38 Yes No 

SRK-GM-38S – Alluvial/overburden 4,972,124.71 629,676.99 Meadow Creek valley, west of SODA Meadow 2/24/2012 D0060267 2.61 2 6639.61 6637.00 43.5 53.5 80 Yes No 

SRK-GM-39S – Alluvial/overburden 4,972,066.86 629,652.35 Meadow Creek valley, west of SODA Meadow 2/25/2012 D0060268 1.96 2 6632.01 6630.05 44 54 74 Yes No 

SRK-GM-40S – Alluvial/overburden 4,971,953.21 629,668.86 Meadow Creek valley, west of SODA Meadow 2/27/2012 D0060269 2.61 2 6634.69 6632.08 28 38 67 Yes No 

SRK-GM-41S – Alluvial/overburden 4,972,027.98 629,595.29 Meadow Creek valley, west of SODA Meadow 2/26/2012 D0060270 2.84 2 6632.63 6629.79 45 55 69 Yes No 

SRK-GM-42S – Alluvial/overburden 4,973,850.09 632,146.46 EFSFSR valley, southeast of Garnet 
Creek EFSFSR 3/16/2012 D0060271 3.01 2 6514.75 6511.74 27 37 47 Yes No 

SRK-GM-43S – Alluvial/overburden 4,973,791.09 632,195.63 EFSFSR valley, southeast of Garnet 
Creek EFSFSR 3/16/2012 D0060272 2.14 2 6535.27 6533.13 25 35 49 Yes No 

SRK-GM-44S – Alluvial 4,974,119.00 632,167.00 EFSFSR valley, north of Garnet Creek EFSFSR 3/16/2012 D0060273 – 0 – 6592.22 – – 12 Yes No 

Notes:  
a Coordinate system = UTM NAD 83 Zone 11. 
– = Data not available. 
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8.3.2 Vibrating Wire Piezometers 
The 2011–2012 combined geotechnical/hydrologic program included hydraulic testing and 
installation of VWPs in rock geotechnical drill holes distributed across the proposed open pits in the 
Yellow Pine, West End, and Hangar Flats areas (SRK 2013b).  

Hydraulic testing included six drill holes in 2011 and four drill holes in 2012, all of which were 
conducted by isolated injection tests using the Inflatable Packers International (IPI) Standard 
Wireline Packer System (SWiPES®). A total of 62 packer tests were completed, of which 48 were 
deemed successful following quality assurance/quality control (QA/QC) review (SRK 2013b).  

In 8 drill holes, VWPs were installed to measure pore pressure. VWP installations at each drill hole 
consisted of two cables, each connected to a single sensor, one placed at relatively shallow depth 
and the other at relatively greater depth. Depths were chosen based on observed geology and 
hydraulic testing results to provide information on vertical hydraulic gradients, gradients across 
different lithologies, or gradients across geologic structures.  

The SPF report provides a summary of the field investigation and the VWPs installed for monitoring 
and calculating pore pressures (SPF 2017). Groundwater elevation data from measurements in 
monitoring wells and piezometers are discussed in Section 8.5. VWPs provide a calculated pore 
pressure rather than a direct measurement of water level. As such, these data are not as verifiable 
as direct measurements of water levels in monitoring wells or multi-level samplers.  

As stated in the SPF report, continuous pore pressure measurements were available from five of the 
VWPs installed in four of the geotechnical boreholes and demonstrate similar seasonal responses to 
those seen in monitoring wells (SPF 2017). VWPs MGI-12-271 and MGI-12-307 had 651 and 690 
measurements, respectively, used for calculating vertical gradients near the pits. Their locations and 
depths are summarized in Table 8-2. 

I Brown ANo Caldwell I 



Stibnite Gold Project | Water Resources Summary Report Section 8 

 

 8-14 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

Table 8-2. Locations and Depths of VWPs within the Study Area 

Midas  
Hole ID 

SRK  
Hole ID Deposit 

Easting a 

[X] 
(meters) 

Northing a 
[Y] 

(meters) 

Ground 
Level [Z]  
(ft amsl) 

Azimuth 
(degrees) 

Dip from 
Horizontal 
(degrees) 

Transducer Node 
and Depth b  

(ft bgs) 
Data Loggers Installation Date 

MGI-11-123 HF-GT-001 Hangar Flats 631,209 4,973,557 7,431.1 10 -55 
VBW1 = 396.8 
VBW2 = 657.0 

Shallow = VWDT05161 
Deep = NF 

11/9/2011 

MGI-11-131 YP-GT-005 Yellow Pine 631,276 4,976,361 6,174 310 -75 
VBW1 = Lost 
VBW2 = 704.1 

Shallow = NF 
Deep = VWDT05163 

11/5/2011 

MGI-12-250 YP-GT-007 Yellow Pine 630,990 4,976,290 6,512.47 110 -55 
VBW1 = 402.3 
VBW2 = 647.1 

Shallow = NF 
Deep = VWDT05156 

7/12/12 

MGI-12-307 YP-GT-002 Yellow Pine 631,919 4,976,784 6,581.36 130 -60 
VBW1 = 151.4 
VBW2 = 294.4 

Shallow = VWDT05164 
Deep = VWDT05158 

9/17/12 

MGI-12-333 YP-GT-006 Yellow Pine 631,158 4,976,046 N/A N/A N/A N/A 
Shallow = NF 
Shallow = NF 

N/A 

MGI-11-120 WE-GT-004 West End 632,326 4,976,342 7,270.34 260 -55 
VBW1 = 215.0 
VBW2 = 403.4 

Shallow = VWDT05159 
Deep = VWDT05148 

7/9/2012 

MGI-12-271 WE-GT-005 West End 632,139 4,976,006 6,975.07 310 -50 
VBW1 = 173.9 
VBW2 = 382.3 

Shallow = VWDT05160 
Deep = VWDT05165 

7/25/2012 

Notes: 
Table 8-2 adapted from Table 3.3 and Appendix E of the Golden Meadows Geotechnical and Hydrogeological Site Investigation Data report (SRK 2013b). 
UTM NAD 83 Zone 11 
NF = Sensors not functioning (installation issues: e.g., broken wires, sensors damaged). For example, the VWP wires of MGI-12-333 (YP-GT-006) were lost downhole when doing surface 
completion.) 
aCoordinate system = UTM NAD 83 Zone 11. 
bDepths corrected for drill hole dip. 
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8.4 Aquifer Testing  
Aquifer tests on monitoring and production wells have been conducted to characterize the hydraulic 
properties of the alluvial and bedrock aquifers for the baseline studies (SPF 2017). These tests 
include slug tests of both alluvial and bedrock groundwater monitoring wells, packer testing in 
exploration borings in bedrock, and aquifer (constant-rate pumping) tests in various alluvial 
production wells. Test methods and results are discussed in the following sections. BC has only 
reinterpreted the Gestrin aquifer test described in Section 8.4.3. 

8.4.1 Slug Tests 
Slug tests are short-term single-well tests that involve quickly changing the water level in the well and 
monitoring water level recovery back to a static condition. As such, slug tests stress only a small 
portion of the aquifer adjacent to the well and are thus are not sufficient for evaluating aquifer 
storage properties, system anisotropy, and hydrogeologic boundary conditions. Because slug tests 
do not remove significant water from the well and apply only a relatively small stress to the aquifer, 
tests can be influenced by borehole skin effects, well construction issues, and inadequate well 
development. Slug test data should be used in a limited fashion in the characterization of larger-
scale groundwater system behavior. 

Slug tests are generally performed using either a mechanical slug (a weighted mass of metal) or 
pumping a well at an initial high rate to change the water level as quickly as possible. Using the 
mechanical slug, dropping the slug into the well results in a relatively instantaneous rise in the water 
level, which then decreases back to static (i.e., slug-in, falling head test). Once the water level 
reaches static, the slug is pulled out of the well, resulting in an instantaneous decrease in the water 
level, which then rises back to static (i.e., slug-out, rising head test). When using a pump, the water 
level is quickly lowered by pumping, and then the rise in water level is measured (i.e., rising head 
test). Water level changes are generally recorded using a pressure transducer.  

Various slug tests have been completed in both alluvial and bedrock monitoring wells within the 
Study Area. BC reviewed test methods and analyses with results summarized below. 

HydroGeo, Inc. HydroGeo Inc. performed slug tests on alluvial and bedrock monitoring wells installed 
between 1992 and 1996 (HydroGeo Inc. 1996). The tests were performed using a 2-inch 
submersible pump, quickly pumping the well to produce drawdown, and monitoring recovery of water 
levels (e.g., rising head tests). The results were analyzed using the Hvorslev (1951) method, as 
summarized below: 
• Slug tests were conducted in two alluvial monitoring wells in 1996 and found an average 

hydraulic conductivity of 4.9 ft/d. 
• Slug tests were conducted in seven bedrock monitoring wells in 1996 and found an average 

hydraulic conductivity of 1.0 ft/d with a median hydraulic conductivity of 0.5 ft/d. The range was 
0.15 to 4.25 ft/d. 

MWH. MWH conducted successful slug tests in eight alluvial and five bedrock monitoring wells in 
2012 (SPF 2017). The tests were performed using a mechanical slug, and completing a falling head 
and rising head test in each well. MWH analyzed the slug test data using two different analytical 
methods: (1) the Bouwer-Rice method and (2) the Hvorslev method (Bouwer-Rice 1976; Hvorslev 
1951). Each of the two methods were applied to both the slug-in and slug-out tests, for a total of four 
analyses for each well. The arithmetic average was then taken for the four analyses to get a final 
estimate of hydraulic conductivity for each well, as summarized below:  
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• Slug tests were conducted in eight alluvial monitoring wells and found an average hydraulic 
conductivity of 11.3 ft/d and median hydraulic conductivity of 7.3 ft/d. The range was 2.8 to 
28.0 ft/d. 

• Slug tests were conducted in five bedrock monitoring wells and found an average hydraulic 
conductivity of 0.4 ft/d and median hydraulic conductivity of 0.2 ft/d. The range was 0.04 to 
0.90 ft/d. 

SRK. SRK completed slug tests on alluvial/unconsolidated wells installed in 2011 and 2012 (SRK 
2012). The tests were performed using two mechanical slugs of different sizes (a smaller and larger 
slug) in each well. Depending upon recovery rates, three to eight tests were completed in each well 
using the different slugs. The tests were analyzed using the Bouwer-Rice method, and an arithmetic 
average was taken for a single reported value for each well (Bouwer-Rice 1976). A total of 11 tests 
were completed in alluvium and unconsolidated material. The hydraulic conductivity determined 
from 11 tests conducted in the unconsolidated materials at Yellow Pine Pit (5 tests), Hangar Flats Pit 
(2 tests), tailings storage facility footprint area (1 test), and development rock storage facility 
footprint area (3 tests) ranged from 0.3 to 139.0 ft/d. 

Slug Test Results: Alluvium. A total of 21 slug tests were completed in alluvial and unconsolidated 
materials in the wells shown on Figure 8-1. Hydraulic conductivity estimates from all tests ranged 
from 0.3 ft/d (SRK-GM-08S) to 138.9 ft/d (SRK-GM-24S). The arithmetic average of all 21 tests was 
21.2 ft/d. Given that estimates range over two orders of magnitude, the geometric mean is 
considered to better represent aggregate conditions from the tests. The geometric mean for the tests 
was 7 ft/d.  

Slug Test Results: Bedrock. At total of 13 slug tests were completed in generally fractured and 
permeable bedrock in wells shown on Figure 8-2. Hydraulic conductivity estimates from all tests 
ranged from 0.03 ft/d (MWH-B05) to 4.90 ft/d (MW96-10), with an arithmetic average of 0.70 ft/d. 
The geometric mean for bedrock slug tests was 0.4 ft/d.  

8.4.2 Packer Tests 
Packer tests consist of injecting water at a constant pressure into a zone of bedrock isolated by 
inflated rubber packers above and below the injection zone (e.g., “straddling” the zone). Water is 
injected from the surface into the isolated zone, with increasing pressures until a generally stable 
injection rate is reached. The water pressures in the borehole are measured using a transducer, and 
the stable water pressure is compared to the injection pressure and flow rate to estimate the 
hydraulic conductivity of the rock in the test interval. Packer tests are designed to provide data on 
the general variation of rock properties within a fractured rock mass. Packer testing results from 
within the Study Area are summarized below. 

HydroGeo Inc. HydroGeo Inc. performed packer testing in two bedrock monitoring wells (MW96-7 and 
MW96-10) in 1996. The packer system used by HydroGeo Inc. tested fixed rock intervals of 
approximately 23 feet, targeted to zones with sufficient fractures to produce groundwater into the 
boring. Four tests were completed in the boring for well MW96-7, ranging from 104 to 236 feet deep 
in the hole. Two tests were completed in the boring for well MW96-10, ranging from 272 to 320 feet 
deep. The tests were completed in bedrock units described generally as quartzite and schist. 
Hydraulic conductivity estimates were developed using the U.S. Bureau of Reclamation (USBR) 
method (USBR 1951). Six packer tests in two bedrock monitoring wells found an average hydraulic 
conductivity of 2.8 ft/d and median hydraulic conductivity of 2.5 ft/d (HydroGeo Inc. 1996). The 
range was 1.1 to 5.9 ft/d.  

SRK. SRK performed packer testing in six borings in 2011 and four borings in 2012. These tests 
were performed using IPI’s SWiPES. A total of 62 total packer tests were completed in the 
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10 borings. SWiPES allow for intervals of various lengths to be tested. Most intervals tested were 
10 feet or less, with intervals ranging from 4.5 to 223.5 feet. Tested depths in the boreholes ranged 
from approximately 106 to 1,423 feet.  

SRK uses a QA/QC method to rate tests as “good,” “fair,” or “poor” based on packer sealing to the 
rock, presence of leakage from the test interval, and mechanical or other infrastructure issues. Of 
the 62 tests, 14 were rated as poor because of test issues—and were not reported. Of the remaining 
48 tests, another 14 were rated as fair, meaning some issues were encountered during testing, but 
were considered minor and the hydraulic conductivity estimates were considered generally 
reasonable. The remaining 34 tests were classified as good. The hydraulic conductivity geometric 
mean of all tests classified as good was 0.01 ft/d, the average was 0.08 ft/d, and the range was 
from less than 3 x 10-4 to 0.6 ft/d.  

Packer Test: Results. All packer tests were performed in bedrock, and results are generally affected 
by the amount of fracturing in the test interval. Estimated hydraulic conductivities ranged from less 
than 3 x 10-4 to 5.9 ft/d. The tests performed by HydroGeo Inc. were targeted toward fractured, water 
bearing zones and thus returned consistently higher estimates of hydraulic conductivity than SRK’s 
method. Geometric mean hydraulic conductivity estimates from the HydroGeo Inc. testing were 2.1 
ft/d for quartzite and 3.7 ft/d for schist. SRK did not delineate specific rock types for its tests. The 
geometric mean for tests characterized as good is 1.6 x 10-2 ft/d, while the geometric mean for tests 
characterized as fair is 7.8 x 10-3 ft/d. Packer test results are generally representative of extremely 
low permeability rock in unfractured zones, with moderate permeabilities in more fractured rock.  

8.4.3 Aquifer Pumping Tests 
The following sub-sections provide details regarding the aquifer pumping tests. 

Production Well Aquifer Pumping Tests. Estimates of aquifer properties have been developed based 
on aquifer tests composed of well pumping and observation of subsequent drawdown in production 
wells and in nearby monitoring wells.  

SPF reports that MWH completed an aquifer pumping test of the new Camp well (Figure 8-3), which 
resulted in an estimated hydraulic conductivity of 12 ft/d, based on a calculated transmissivity of 
350 square feet (ft2) per day (ft2/d) and an assumed alluvial aquifer thickness of 30 feet (SPF 
2017).  

Aquifer pumping tests of four production wells (Stibnite’s Hooterville and main camp domestic wells, 
Hecla’s Pioneer well, and the Stibnite Plant utility well) completed in the alluvium of the EFSFSR 
ranged from 67 to 134 ft2/d (HydroGeo Inc. 1996). HydroGeo Inc. (1996) assumed an average 
aquifer thickness of 20 feet for each well, resulting in approximate hydraulic conductivities ranging 
from 3.3 to 6.7 ft/d. 

Stibnite Gestrin Airstrip Well. Aquifer pumping tests were performed at the Stibnite Gestrin airstrip 
well (Figure 8-4) (i.e., Hecla Stibnite well) in 1989, February 2012, and December 2013 to establish 
baseline alluvial aquifer characteristics in areas most likely to be impacted by mining operations 
(SPF 2017). In 1989, the well was pumped at a constant rate of about 114 gpm for 300 minutes. 
One recovery water level measurement was taken 30 minutes after the pump was turned off. No 
information is available related to any test analysis or estimates of hydraulic conductivity from this 
pumping. In February 2012, the same well was pumped for 480 minutes at rates ranging from 
46 gpm (average for first 15 minutes) to 208 gpm (average for last 100 minutes of test). The rapid 
recovery of water level after pumping (to within 2 feet) of the initial water level in 11 minutes 
(95 percent recovery) may be due to the limited time that the well was pumped, or an inefficient well, 
in which large wellbore drawdown results in only small amounts of aquifer drawdown. Because the 
drawdown in the aquifer was small, not measured in observation wells, and not monitored to full 
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recovery, the interpretation was considered uncertain. A new test utilizing a longer pumping period, 
observation wells, and complete measurement of water-level recovery was completed in December 
2013. 

The more rigorous test was conducted in December 2013. The Stibnite Gestrin airstrip well was 
pumped at an average rate of about 100 gpm for about 31 days. Total pressure reading transducers 
and manual water levels were measured in nearby observation wells. Figure 8-4 from JSAI shows the 
location of the pumping and observation well locations in the December 2013 aquifer test (JSAI 
2017a). 
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BC Aquifer Test Analysis. BC reviewed the data collected for the 2013 Stibnite Gestrin Airstrip well 
aquifer test of the alluvial aquifer in detail, as the test represents the maximum hydraulic stress 
applied to the groundwater system near proposed mine activities. Total pressure reading 
transducers were used to monitor changes in pressures in observation wells during the test. Total 
pressure transducers record both the pressure from the water column in the well and atmospheric 
pressure acting on water surface in the well. To obtain just the pressure (i.e., height) of the water 
column, air pressure must be subtracted out from the total pressure reading. A separate transducer 
was employed during the test to monitor only barometric pressures. Data from this transducer were 
used to compensate the total pressure readings to return just water levels. 

A review of compensated water levels showed that changes in barometric pressure did have a minor 
effect on water levels measured in the wells (Figure 8-5). The relationship between barometric 
pressure changes and water level changes is an inverse one, as increases in barometric pressure 
result in decreasing water levels and vice versa (Rasmussen and Crawford 1997). This is a result of 
the total pressures in the open well (in contact with changing barometric pressures) maintaining an 
equilibrium state with fluid pressures in the aquifer, which are not in direct contact with barometric 
pressures. The barometric influence on water levels observed in the well were corrected using 
Barometric and Earth Tide Correction software developed by the University of Georgia (2007). 
Corrected data were then plotted and used in the analysis. 

 
Figure 8-5. Representative relationship between barometric pressure and raw pressure transducer data 

 

The Gestrin well is screened in alluvium between 99 and 109 feet bgs. Clear water level responses 
to the 31-day aquifer pumping test were observed in five alluvial monitoring wells (MWH-A04, MWH-
A-05, MWH-A07, SRK-GM21S, and SRK-GM22S) and three bedrock monitoring wells (MWH-B04, 
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MWH-B05, and MWH-B07). Figure 8-6 shows hydrographs from MWH co-located alluvial/bedrock 
wells MWH-A05/B05. These wells are located approximately 160 feet from the pumping well, and 
are generally the closest monitoring well pair to the pumping well. Well MWH-A05 is screened from 
approximately 34 to 44 feet in depth, and is thus shallower than the pumping well. Well MWH-B05 is 
screened deeper than the pumping at depths from 208 to 218 feet. Water level hydrographs show a 
downward vertical gradient from alluvium to bedrock. 

Both wells responded strongly to pumping, with a sharp initial drawdown followed by a more gradual 
drawdown trend. The responses show a hydraulic connection between alluvial and bedrock 
groundwater flow in this area. Well MWH-B05 had more drawdown at the end of the test 
(approximately 8.4 feet) than MWH-A05 (approximately 3.2 feet). The stronger drawdown response 
in the deeper bedrock is likely a result of (1) lower storage of water within the bedrock, (2) a more 
direct connection with the pumping well than is seen in the shallow alluvial well, or (3) permeability 
contrast between alluvium (less drawdown in higher permeability) and bedrock (more drawdown in 
lower permeability).  

 
Figure 8-6. MWH-A04 and MWH-B04 corrected drawdown hydrographs 

 

Similar responses were observed in well pair MWH-A04/B04, located approximately 1,390 feet 
upgradient of the pumping well, as shown on Figure 8-7. The wells are screened in a similar fashion 
as the MWH-A05/B05 pair, with MWH-A04 screened shallower than the pumping well and MWH-B04 
screened deeper than the pumping well. A downward vertical gradient exists from the alluvium to 
bedrock; the systems are hydraulically connected. Drawdown in MWH-B04 (approximately 2.50 feet) 
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was greater than that observed in MWH-A04 (1.25 feet). As described above, this is likely a function 
of (1) lower storage of water within the bedrock and (2) a more direct connection with the pumping 
well than is seen in the shallow alluvial well, or (3) permeability contrast between alluvium (higher) 
and bedrock (lower). 

Figures 8-6 and 8-7 also show a downward trend in the pre-pumping water levels. Post-pumping 
water levels did not recover to pre-pumping levels, but this may have been due to a continuation of 
the background trend. In addition, the gradual drawdown trend seen during pumping (after the sharp 
initial response) is similar to the background trend and may be partly or wholly due to it. In this case 
the test results may indicate a close connection to, or equilibrium with, Meadow Creek.  

 
Figure 8-7. MWH-A04 and MWH-B04 corrected drawdown hydrographs 

 

Figure 8-8 presents hydrographs for the well pair MWH-A07/B07, located approximately 1,950 feet 
downgradient of the pumping well. This well pair is located near the confluence of Meadow Creek 
and EFSFSR, and the vertical hydraulic gradient is upward from bedrock to alluvium. The drawdown 
responses were similar in each well—approximately 1.4 feet. This suggests a reasonable hydraulic 
connection between the bedrock and alluvium in this area. 
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Figure 8-8. MWH-A04 and MWH-B04 corrected drawdown hydrographs 

 

Hydraulic responses observed within the alluvial and bedrock monitoring wells were normalized by 
dividing the time (t) of the response by the radial distance of the observation well from the pumping 
well (r), squared (e.g., t/r2). Composite plots of drawdown normalized by plotting t/r2 is a 
fundamental technique in the analysis data from two or more observation wells, and are used to 
identify appropriate analytical-type curves for use when analyzing aquifer test data (Weeks 1977; 
Van der Kamp 1985; Kruseman and De Ridder 1990). Hydraulic characteristics from type curve 
matches to drawdowns from single observation wells contain additional uncertainties in whole rock 
properties, and may provide misleading estimates of aquifer properties (van der Kamp 1985; 
Moench 1994).  

Per the Theis method, drawdowns produced in a homogeneous confined aquifer with two-
dimensional flow toward the pumping well will plot on a single type curve when normalized by using 
t/r2 (Theis 1935). Drawdowns that do not plot along a single curve—especially during early time 
periods of the aquifer test—can be viewed qualitatively as a measure of system heterogeneity and 
non-uniform flow conditions (Ball et al. 1991; Herweijer 1997; Osiensky et al. 2000). Ball noted that 
t/r2 composite plots are also useful for non-radial (e.g., non-two-dimensional) flow (Ball et al. 1991). 
Osiensky noted that estimates of hydraulic conductivity generally become biased toward higher 
estimates as the distance of the monitoring well from the pumping well increases, and that these 
biases can be constrained by plotting the “family” of drawdowns on a t/r2 plot to identify a single or 
at least a limited number of type curves (Osiensky et al. 2000). Variations in drawdown plots on t/r2 
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have also been used to assess the nature and scale of bedrock fracture interconnectivity, system 
heterogeneity, and non-uniform flow conditions (Ball et al. 1991).  

Figure 8-9 presents the composite drawdown curves for five alluvial wells. Wells with shallower 
screens (MWH-A04, MWH-A05, and MWH-A07) show variations in early time data (initiation of 
hydraulic response) but have similar late-time slopes and appear to be converging toward a 
consistent long-term late-time drawdown slope. The early time variations are representative of near-
well hydraulic variations and heterogeneity, while the long-term single slope is interpreted to be 
representative of larger-scale hydraulic properties (Osiensky et al. 2000).  

 
Figure 8-9. Alluvial well composite drawdown curves 

 

The two deeper alluvial wells (SRK-GM21S and SRK-22S), have log-linear slopes, which are more 
indicative of isolated flow zones and fracture-type flow behavior. Linear drawdown on a log-log scale 
is generally indicative of flow from single fractures or isolated zones of permeability much higher 
than the surrounding material (Gernand and Heidtman 1997). This linearity is also indicative of 
“drainage” conditions, as water continues to drain out of a fracture or permeable zone and is not 
replaced by additional recharge flowing into the zone sufficient to slow the rate of drawdown (i.e., to 
flatten the slope of the drawdown curve). These responses are more like bedrock responses than 
alluvial responses. 

Figure 8-10 shows the composite drawdown curve for the three bedrock wells. The three responses 
are distinctly different. MWH-B05, closest to the pumping well, shows a Theis-type response more 
consistent with radial flow, indicating it is in a flow zone well connected to the pumping well and no 
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flow boundaries were reached during the test. Well MWH-B07, downgradient of the pumping well, 
shows a log-linear response indicative of isolated, fracture controlled flow. The response observed in 
MWH-B04 also shows a log-linear late-time response, although at a flatter slope. The responses do 
not appear to be converging toward a single late-time curve, which is indicative of system 
heterogeneity and flow variation that would be expected in fractured bedrock.  

 
Figure 8-10. Bedrock well composite drawdown curves 

 

The composite drawdown plots indicate that not all hydraulic responses are likely representative of 
larger-scale conditions. An estimate of hydraulic conductivity was developed from responses 
observed in MWH-A05, which had a late-time slope representing the slope the other shallow wells 
were converging toward. This is considered a reasonable estimate of larger-scale alluvial hydraulic 
conditions. Drawdown responses were fitted to a standard Theis curve using AQuifer Test SOLVer 
software (Theis 1935; HydroSOLVE, Inc. 2016). Because the test conditions are not completely 
consistent with the radial-flow assumptions of the Theis method, the result is considered preliminary. 
More representative hydraulic property estimates are being developed as part of numerical 
modeling.  

The Theis curve fit for MWH-A05 is shown on Figure 8-11. The analysis assumes partially penetrating 
well screens consistent with the test conditions. The estimated transmissivity is 3,070 ft2/d. The test 
clearly affected flows between the water table to depths of more than 300 feet. Using an assumed 
aquifer thickness (affected by the test) of 300 feet results in a hydraulic conductivity estimate of 
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10.2 ft/d. Reasonable estimates of aquifer storage could not be developed from the Theis analysis 
as the test conditions are not completely consistent with the analysis assumptions. 

 
Figure 8-11. Theis curve fit for MWH-A05 

 

An estimate of hydraulic conductivity for the bedrock was developed from responses observed in 
MWH-B05. As noted, the responses from this well were representative of a radial flow response in a 
bedrock zone hydraulically connected to the pumping well. The Theis curve fit is shown on 
Figure 8-12. The estimated transmissivity from the responses observed in MWH-B05 is 
1,348.3 ft2/d, with a hydraulic conductivity estimate of 4.5 ft/d assuming an aquifer thickness 
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affected by the test of 300 feet. As before, reasonable estimates of aquifer storage could not be 
developed.  

 
Figure 8-12. Theis curve fit for MWH-B05 

8.4.4 Compilation of Aquifer Parameters and Comparison to Literature 
The results of baseline hydraulic testing within alluvium resulted in estimates ranging from 0.3 to 
138.9 ft/d (SPF 2017). Estimates from previous pre-baseline aquifer pumping tests ranged from 3.3 
to 12.0 ft/d. BC estimated an alluvial aquifer hydraulic conductivity of 10.2 ft/d from analysis of the 
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31-day test in the Gestrin well for this WRSR. As reported in the Final Groundwater Hydrology 
Baseline Study, the results of these varied testing efforts in the alluvial groundwater system are 
relatively consistent, and indicate a typical hydraulic conductivity range of approximately 1 to 100 
ft/d, with an average hydraulic conductivity of approximately 10 ft/d (SPF 2017). Hydraulic 
conductivities measured from wells likely overestimate overall hydraulic conductivity of alluvial 
materials because wells are generally completed in the most permeable zone encountered. These 
estimates are consistent with the range expected for alluvial materials (Freeze and Cherry 1979). 

Estimates of hydraulic conductivity for bedrock material ranged from less than 3 x 10-4 ft/d to 
5.9 ft/d (SPF 2017). BC estimated a bedrock hydraulic conductivity of 4.5 ft/d from analysis of the 
31-day Gestrin well test for this WRSR. As reported in the Final Groundwater Hydrology Baseline 
Study, results of hydraulic testing show a large range of hydraulic conductivities (SPF 2017). Such a 
broad range is expected when testing both fractured (i.e., high hydraulic conductivity) and 
unfractured (i.e., low hydraulic conductivity) crystalline rock.  

The hydraulic conductivities from packer tests conducted in bedrock wells in 2012 show (1) 
essentially impermeable rock within unfractured test intervals and (2) low to moderate hydraulic 
conductivities within fractured test intervals. Slug tests of water quality monitoring wells show higher 
hydraulic conductivities; higher conductivities in monitoring wells compared to borehole packer tests 
are to be expected because successful water quality monitoring wells necessarily intersect water-
bearing fractures (SPF 2017). These estimates are consistent with the range of values for 
unfractured and fractured rock (Freeze and Cherry 1979).  

8.5 Groundwater Flow 
Groundwater elevations observed in monitoring wells completed in both Quaternary alluvium and 
other unconsolidated deposits (i.e., the alluvial aquifer) are controlled by topography and stream 
elevations, with the highest and lowest groundwater elevations occurring in the southern and 
northern portions of the Study Area, respectively. Bedrock groundwater elevations similarly decline 
from south to north, generally mimicking both topography and stream elevations. The following 
sections describe groundwater elevations and flow directions in the alluvium and bedrock. 

8.5.1 Alluvial Groundwater Elevations and Flow Directions 
Alluvial groundwater elevations measured in fall 2015 range from a high of about 6,916 feet amsl at 
monitoring well MWH-A03 located in East Fork Meadow Creek, to about 5,956 feet amsl at 
monitoring well MWH-A18 located north of the Yellow Pine Pit near the confluence of EFSFSR and 
Sugar Creek. Monitoring well MWH-A03 is co-located with MWH-B03, and has the highest ground 
surface elevation of the alluvial monitoring wells (approximately 7,034 feet amsl). Figures 8-13 and 
8-14 show groundwater elevations in alluvial monitoring wells during fall and spring 2015, 
respectively. Groundwater flow directions in the alluvial aquifer are approximately south to north and 
are aligned with drainages in the Study Area, which are bounded laterally by bedrock. Groundwater 
elevation contours are provided on Figure 8-13 for fall 2015 data. Spring groundwater elevations are 
typically several feet higher but the overall flow directions are very similar, so only general flow 
direction arrows are provided on Figure 8-14.  
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Figure 8-14 
Water Resource Summary Report

Stibnite Gold Project
Alluvial Groundwater Elevations Spring 2015

Basemap: Aerial photo, November 2011
Geologic data: Stewart, et. al. 2016
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The thickness of the alluvial aquifer is variable, as shown on the cross section in Figure 8-15, with 
the greatest thickness occurring in the Meadow Creek valley area where it reaches a maximum of 
more than 250 feet. The alluvial aquifer thins north of Garnet Creek, and then thickens slightly again 
near the MWH-A12/MWH-B12 monitoring well pair. As shown on Figure 8-15, the depth to 
groundwater is also variable, but this is largely due to the locations of individual wells relative to the 
river and valley bottom. 
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Figure 8-15. Hydrogeologic cross section A-A'-A"  
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In general, alluvial groundwater elevations showed a greater seasonal variation than bedrock 
groundwater elevations. Hydrographs of alluvial groundwater levels grouped by general area are 
presented on Figures 8-16 through 8-19. These hydrographs show that the highest alluvial water 
levels occur in the spring and lowest water levels occur in the fall, like bedrock water level 
elevations, and show that alluvial groundwater elevations rise and decline in a similar fashion and at 
approximately the same time. Water elevations in the alluvial aquifer vary the least in the Meadow 
Creek Valley area (approximately 4 to 6 feet), and in the area near the confluence of the EFSFSR 
with Sugar Creek (5 to 6 feet). Alluvial groundwater elevations varied the most at MWH-A03 in East 
Fork Meadow Creek (approximately 19 feet) and at MWH-A15 near the mouth of Fiddle Creek 
(approximately 18 feet). Alluvial water level elevations in the area between the Meadow Creek 
confluence and Yellow Pine Pit varied approximately 9 to 13 feet. The significant departure from 
long-term water levels shown in the hydrograph for SRK-GM-04S (Figure 8-19) is believed to be 
erroneous, as this departure is not reflected in other bedrock or alluvial groundwater elevation data, 
and the magnitude of the change in the late March 2014 data point is unreasonable. 

 
Figure 8-16. Hydrographs for alluvial monitoring wells in the upper Meadow Creek area 
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Figure 8-17. Hydrographs for alluvial monitoring wells in the Meadow Creek Valley area 

 

 
Figure 8-18. Hydrographs for alluvial monitoring wells in EFSFSR above the Yellow Pine Pit 
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Figure 8-19. Hydrographs for alluvial monitoring wells in EFSFSR below the Yellow Pine Pit 

8.5.2 Bedrock Groundwater Levels and Flow Directions 
Figures 8-20 and 8-21 show groundwater elevations in bedrock monitoring wells during fall and 
spring 2015, respectively. Bedrock groundwater elevations measured in fall 2015 range from a high 
of about 6,897 feet amsl at monitoring well MWH-B03 located in East Fork Meadow Creek, to about 
6,303 feet amsl at monitoring well MWH-B15 located near the confluence of Fiddle Creek and the 
EFSFSR. MWH-B03 also has the highest ground surface elevation of the bedrock monitoring wells 
(approximately 7,034 feet amsl), and MWH-B15 has the lowest ground surface elevation of the 
bedrock monitoring wells (approximately 6,354 feet amsl).  
The bedrock groundwater elevations suggest that groundwater in the bedrock flows generally from 
south to north along the axes of the major drainages in the Study Area. Given the relatively 
impermeable nature of the granitic bedrock, groundwater flow paths are likely controlled by 
fracturing and are discontinuous. Groundwater elevation contours were not generated for the 
bedrock because the fracture-controlled pathways are not defined, and contouring of the 
potentiometric surface would not reflect actual smaller-scale flow directions. General flow direction 
arrows are instead provided, which are generally similar to topography and stream gradients. 
Hydrographs of bedrock groundwater levels grouped by general area are presented on Figures 8-22 
through 8-24. These hydrographs show that bedrock water levels vary by season, with the highest 
water levels occurring in the spring and lowest water levels occurring in the fall. Water level 
elevations in bedrock vary the least in the Meadow Creek valley area (approximately 3 to 6 feet, 
Figure 8-23). Bedrock water level elevations varied most in areas upgradient of Meadow Creek valley 
(approximately 13 to 18 feet, Figure 8-22), followed by areas downgradient of Meadow Creek valley 
(approximately 4 to 10 feet, Figure 8-24). The significant departures from long-term water level 
averages at MWH-B07, MWH-B10, and MWH-B12 (Figure 8-23) are believed to be erroneous, as 
these departures are not reflected in other bedrock or alluvial groundwater elevation data, and the 
magnitude of these changes is unreasonable.  
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Basemap: Digital Elevation Model (DEM)
Geologic data: Stewart, et. al. 2016

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig8-20_BedrockWells_WL_Fall_Geology_1500scale_11x17_201705151.mxd
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Basemap: Digital Elevation Model (DEM)
Geologic data: Stewart, et. al. 2016

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig8-21_BedrockWells_WL_Spring_Geology_1500scale_11x17_201705151.mxd
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Figure 8-22. Hydrographs for bedrock monitoring wells in upper Meadow Creek 

 

 
Figure 8-23. Hydrographs for bedrock monitoring wells in the Meadow Creek valley area 
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Figure 8-24. Hydrographs for bedrock monitoring wells in the Yellow Pine Pit area 

8.5.3 Horizontal and Vertical Gradients 
This section describes horizontal hydraulic gradients of groundwater in the bedrock and alluvial 
aquifer of the Study Area during spring and fall 2015. Horizontal hydraulic gradients are estimated 
for areas between wells that are located along the primary flow paths. Vertical hydraulic gradients 
are estimated for co-located well pairs only. 

Horizontal Hydraulic Gradients. Horizontal hydraulic gradients in the alluvial aquifer based on spring 
and fall 2015 groundwater elevations range from about 0.014 foot vertical per foot horizontal (ft/ft) 
to about 0.112 ft/ft. The averages for spring and fall are 0.043 and 0.042, respectively, with most 
measurements falling between about 0.014 ft/ft and about 0.058 ft/ft. Steeper hydraulic gradients 
are observed in the area north of the Yellow Pine Pit. Only very minimal changes to hydraulic 
gradients occurred between spring and fall measurements.  

Horizontal hydraulic gradients in the bedrock aquifer based on spring and fall 2015 groundwater 
elevations both have an average of 0.024 ft/ft and range from about 0.014 ft/ft to about 0.035 ft/ft. 
The variability of gradients between bedrock wells is lower than those observed in the alluvial aquifer 
seasonally and in overall magnitude. Bedrock groundwater elevation data are not available for the 
area north of the Yellow Pine Pit, but it is likely that steeper hydraulic gradients exist in this area, 
similar to the alluvial aquifer hydraulic gradients.  

Table 8-3 presents calculated hydraulic gradients between pairs of wells for both spring and fall 
2015. There is no apparent relationship between faults on Figure 8-20 and bedrock horizontal 
gradients. Data is insufficient to estimate horizontal gradients on local flowpaths from upland 
bedrock or lateral moraine locations toward the valley centers.  
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Table 8-3. Horizontal Hydraulic Gradients: Spring and Fall 2015 

Well Pair 
Alluvial Hydraulic Gradients (ft/ft) 

Well Pair 
Bedrock Hydraulic Gradients (ft/ft) 

Spring 2015 Fall 2015 Spring 2015 Fall 2015 

MWH-A01/A02 0.030 0.031 MWH-B01/B02 0.033 0.033 

MWH-A02/A04 0.021 0.020 MWH-B02/B04 0.023 0.022 

MWH-A04/A05 0.014 0.016 MWH-B04/B05 0.014 0.015 

MWH-A05/A07 0.019 0.019 MWH-B05/B07 0.016 0.016 

MWH-A07/A09 0.023 0.022 MWH-B07/B09 0.033 0.032 

MWH-A09/A10 0.036 0.039 MWH-B09/B10 0.021 0.023 

MWH-A10/A14 0.035 0.035 MWH-B10/B13 0.035 0.034 

MWH-A15/A14 0.058 0.056 MWH-B13/B15 0.020 0.021 

MWH-A14/A17 0.036 0.036 – – – 

MWH-A17/SRK-GM-04S 0.079 0.071 – – – 

SRK-BM-04S/MWH-A19 0.120 0.112 – – – 

Average 0.043 0.042  0.024 0.024 
 

Vertical Hydraulic Gradients. Vertical hydraulic gradients were calculated from water level elevations 
measured in nine monitoring well pairs located in the Study Area. Vertical hydraulic gradients 
indicate that the potential exists for groundwater to flow upward or downward depending on the 
location. The monitoring well pairs are provided in Table 8-4, and the well locations are shown on 
Figures 8-1 and 8-2. Each monitoring well pair includes a screened well completion in alluvium and a 
deeper completion in underlying bedrock. Differences in water levels for well pairs are also shown on 
the longitudinal hydrogeologic section on Figure 8-15. Vertical hydraulic gradients are calculated by 
dividing the difference in water level elevations measured in the monitoring well pairs by the vertical 
distance between the mid-points of the two well screens. Table 8-4 includes well screen information, 
spring and fall 2015 water level elevations, and the magnitude and direction of vertical hydraulic 
gradients. Negative vertical hydraulic gradients indicate the potential for groundwater to flow 
upward, and positive vertical hydraulic gradients indicate the potential for groundwater to flow 
downward.  

Data from five of the well pairs presented in Table 8-4 indicate that downward vertical hydraulic 
gradients existed in both spring and fall 2015, while data from three of the well pairs indicate that 
upward vertical hydraulic gradients existed during both water level measurement periods. Data from 
one well pair indicate a change from downward potential in spring to upward potential in fall. 
Consistently downward vertical gradients were estimated in well pairs MWH-A03/B-03, MWH-
A04/B04, and MWH-A05/B05 in the Meadow Creek drainage above the confluence with the EFSFSR 
and in the East Fork of Meadow Creek (Table 8-4). Consistently downward vertical hydraulic 
gradients also existed during spring and fall 2015 in monitoring well pairs MWH-A09/B09 and MWH-
A12/B12 below the confluence of Meadow Creek and EFSFSR.  
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Table 8-4. Vertical Hydraulic Gradients: Spring and Fall 2015 

Well ID 
Ground 

Elevation  
(ft amsl) 

Top of 
Screen 
(ft bgs) 

Bottom 
of 

Screen 
(ft bgs) 

Top of 
Screen  

(ft amsl) 

Screen 
Mid-Point 
(ft amsl) 

Spring 
Water Level 

Elevation  
(ft amsl) 

Fall Water 
Level 

Elevation  
(ft amsl) 

Spring 2015 
Vertical 

Hydraulic 
Gradient (ft/ft) 

Fall 2015 
Vertical 

Hydraulic 
Gradient (ft/ft) 

MWH-A01 6,784.35 30 40 6,754.35 6,749.35 6,787.11 6,785.98   

MWH-B01 6,786.31 125 135 6,661.31 6,656.31 6,787.99 6,787.99 -0.0095 -0.0216 

MWH-A03 7,033.53 290 310 6,743.53 6,733.53 6,916.41 6,916.49   

MWH-B03 7,038.38 463 478 6,575.38 6,567.88 6,900.40 6,896.73 0.0966 0.1193 

MWH-A04 6,563.32 55 65 6,508.32 6,503.32 6,548.42 6,546.19   

MWH-B04 6,563.25 238.2 258.2 6,325.05 6,315.05 6,546.04 6,543.91 0.0126 0.0121 

MWH-A05 6,542.91 34 44 6,508.91 6,503.91 6,528.22 6,523.85   

MWH-B05 6,543.17 208 218 6,335.17 6,330.17 6,525.59 6,522.38 0.0151 0.0085 

MWH-A07 6,519.81 32 42 6,487.81 6,482.81 6,492.08 6,488.05   

MWH-B07 6,519.55 284 294 6,235.55 6,230.55 6,495.33 6,492.31 -0.0129 -0.0169 

MWH-A09 6,462.33 21 26 6,441.33 6,438.83 6,457.55 6,456.17   

MWH-B09 6,462.43 85 100 6,377.43 6,369.93 6,447.44 6,446.30 0.1467 0.1433 

MWH-A10 6,438.94 20 30 6,418.94 6,413.94 6,426.21 6,421.42   

MWH-B10 6,438.77 78 88 6,360.77 6,355.77 6,428.88 6,424.79 -0.0459 -0.0579 

MWH-A12 6,498.49 50 60 6,448.49 6,443.49 6,449.84 6,448.26   

MWH-B12 6,498.09 130 140 6,368.09 6,363.09 6,447.78 6,446.03 0.0256 0.0277 

MWH-A15 6,353.9 70 75 6,283.9 6,281.4 6,310.00 6,301.99   

MWH-B15 6,354.36 154.7 184.7 6,199.66 6,184.66 6,309.14 6,303.01 0.0089 -0.0105 

Note: Positive gradient values denote downward vertical gradient, negative values denote upward vertical gradient. 

Consistently upward vertical hydraulic gradients existed in monitoring well pairs MWH-A07/MWH-
B07 and MWH-A10/MWH-B10. The MWH-A07/MWH-B07 pair lies between MWH-A05/MWH-B05 
and MWH-A09/MWH-B09, each of which had consistently downward vertical hydraulic gradients, and 
the MWH-A10/MWH-B10 monitoring well pair lies between the MWH-A09/MWH-B09 well pair and 
the MWH-A12/MWH-B12 well pair, which also had consistently downward vertical hydraulic 
gradients. Monitoring well pair MWH-A01/MWH-B01 in the upper portion of the Meadow Creek 
watershed had a consistently downward vertical hydraulic gradient. Monitoring well pair MWH-
A15/MWH-B15 is located along the EFSFSR just south of the Yellow Pine Pit, and had a downward 
vertical hydraulic gradient in spring 2015 and an upward vertical hydraulic gradient in fall 2015.  

The magnitude of vertical hydraulic gradients generally did not change appreciably from the spring to 
fall 2015 water level measurement periods. The one exception is the MWH-A15/MWH-B15 
monitoring well pair, where the direction of the hydraulic potential changed from downward in the 
spring to upward in the fall and increased by an order of magnitude in the fall. Overall, there is no 
apparent spatial pattern in the distribution of vertical gradients or correlation with losing or gaining 
stream reaches. 
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8.6 Groundwater Quality 
Baseline groundwater quality data were collected during the period of September 2012 through 
March 2016 from a network of 19 alluvial and 12 bedrock monitoring wells installed under the 
oversight of MWH and SRK at locations shown on Figures 8-1 and 8-2. Groundwater monitoring well 
completion details are provided in Table 8-1. The sampling frequency varied from 6 weeks to 
quarterly (HDR 2016b). Samples were analyzed in the laboratory for 67 constituents (for constituent 
counts, when both the total and dissolved fractions of a constituent are analyzed for, this counts as 
two constituents) (HDR 2016b). Table 6-2 provides the list of constituents analyzed. Details of the 
monitoring activities and the groundwater quality data are provided in the Groundwater Quality 
Baseline Study (HDR 2016b). 

Data appropriateness and statistics are summarized in Section 8.6.1 Analytical results are 
summarized and COIs for groundwater are identified in Section 8.6.2. A discussion of general water 
quality is provided in Section 8.6.3. Sources of key COIs to groundwater are discussed in 
Section 8.6.4. 

8.6.1 Summary of Data Appropriateness and Statistics 
This section summarizes the results of analyses undertaken to ensure the appropriateness of 
groundwater quality data for use in characterizing baseline conditions in the Study Area. A full 
description of analyses is documented in the Groundwater Quality Baseline Study (HDR 2016b). 

Data Review, Verification, Validation, and Usability. Baseline groundwater quality data were 
subjected to data review, verification, and validation as detailed in the QAPP-GWQSPs (MWH 2012c, 
2013, 2014a, 2015). Data review included examining the data for correct and complete recording, 
transmission, and processing. Data verification included evaluating whether the data met 
completeness goals. Data validation included evaluating whether the laboratory data met method, 
procedure, and contract requirements. Through these processes, data that were outside acceptance 
criteria were qualified and flagged per EPA’s National Functional Guidelines for Inorganic Superfund 
Data Review (EPA 2013a). Although some data were qualified, the Groundwater Quality Baseline 
Study determined that 100 percent of the groundwater quality data were considered usable for the 
purposes of characterizing baseline conditions in the Study Area (HDR 2016b). 

Field Duplicates. Field duplicate samples were collected at a rate of 1 duplicate for every 15 normal 
samples. Duplicate sample results, agreements, and implications for data usability were evaluated 
as part of the data validation process and discussed in data validation reports documented in the 
Groundwater Quality Baseline Study (HDR 2016b). Both parent and duplicate sample data are 
maintained in the database, but only parent sample concentrations are used for analysis. 

Dissolved Versus Total Metals/Metalloids Concentrations. Metals/metalloids were analyzed for both 
total and dissolved concentrations for each sample. The total concentration reflects the entire 
amount of the constituent present in an unfiltered sample; thus, it measures a constituent in both 
the dissolved and solid (e.g., precipitate or sorbed to particulate) phases in the sample. For this 
study, the dissolved concentration reflects the amount of the constituent occurring as particles 
passing through 0.45 micrometer filter. The total constituent concentration should always be greater 
than or equal to the dissolved constituent concentration. However, a goal of groundwater sampling is 
to minimize the occurrence of suspended particulate matter in the groundwater sample because this 
particulate matter is generally not considered to be mobile in the pore spaces of the aquifer. Thus, 
properly collected groundwater samples should (in theory) exhibit approximately equal dissolved and 
total concentrations. 
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Appendix C-3 provides scatter plots of total metals/metalloids concentrations versus dissolved 
metals/metalloids concentrations in all groundwater samples. The scatter plots indicate that total 
concentrations routinely exceed dissolved concentrations, suggesting that many groundwater 
samples may contain elevated levels of suspended particulate matter. Although groundwater 
sampling was performed using methods that are generally designed to minimize the turbidity of 
groundwater samples, excessive turbidity appears to be widespread in the groundwater quality data 
set. Groundwater sampling protocols were improved in 2016 (after the period of WRSR data) to 
include only low-flow sampling methods to reduce turbidity in the samples. 

Turbidity values above 10 NTUs are considered excessively high for collecting representative 
groundwater sample data (Puls and Barcelona 1996; USGS 2006). Recorded field turbidity 
measurements for groundwater samples were as follows: 
• 48 percent greater than 10 NTU 
• 23 percent greater than 50 NTU 
• 16 percent greater than 100 NTU  
• 2 percent greater than 1,000 NTU 

Highly turbid sample data may be overestimating the concentrations of both the total and dissolved 
metals because filtering does not remove all suspended particulates (Puls and Barcelona 1989). 
Because of the occurrence of suspended particulate matter in numerous groundwater samples, 
assessments of baseline groundwater conditions in the Study Area based only on total 
metals/metalloids concentrations alone would likely overstate the extent of mobile constituents in 
groundwater. Evaluations of constituent mobility should also consider dissolved concentrations of 
metals/metalloids. 

The scatter plots of total metals/metalloids concentrations versus dissolved metals/metalloids 
concentrations in Appendix C-3 also indicate that dissolved concentrations are greater than total 
concentrations in some groundwater samples. This circumstance can indicate a procedural issue 
(e.g., filter contamination, or an inadvertent mislabeling of total and dissolved samples), but is 
frequently a result of the inherent limit of analytical precision. For example, if the total and dissolved 
constituent concentrations are very similar and/or close to the method reporting limit, then the 
difference in concentration between the total and dissolved fractions may be well within the error 
limits of the analytical method. This concept is illustrated by the increase in scatter around the 1:1 
line on the scatter plots as concentrations approach the method detection limit. 

Instances where dissolved metals/metalloids concentrations are greater than total 
metals/metalloids concentrations were evaluated per acceptance criteria adapted from EPA’s 
National Functional Guidelines for Inorganic Superfund Data Review (EPA 2013a). The acceptance 
criteria establish acceptable levels of disagreement between total and dissolved concentrations as a 
function of concentration relative to the method detection limit. The Groundwater Quality Baseline 
Study found that approximately 3 percent of all total and dissolved metals/metalloids pairs had 
dissolved concentrations that were unacceptably higher than total concentrations (HDR 2016b). In 
most instances, the discrepancy occurred when the total concentration was below the method 
detection limit but the dissolved concentration was detected. Because of the overall low occurrence 
and relatively low concentrations involved, data were not rejected based on total versus dissolved 
concentrations acceptance criteria. 

Outliers. Groundwater quality data were evaluated for the presence of statistical outliers. Outliers 
may result from a typographical error, procedural issue, or may reflect a real value of unusually low 
or high concentration. Potential outliers were identified using applicable statistical methods in EPA’s 
ProUCL statistical software, version 5.0.00 (EPA 2013b). Potential outliers were back-checked 
against the field notes, lab results, and validation reports; however, outliers were only rejected for 
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further analysis if a clear procedural, measurement, or typographical error was identified. In total, 10 
outliers were rejected for use in further analysis. These outliers, which are documented in Appendix F 
of the Groundwater Quality Baseline Study, all resulted from malfunctioning field measurement 
equipment (HDR 2016b). All other potential outliers were included in the analyses and are assumed 
to represent real values—they were not flagged or otherwise identified outside of the outlier analysis. 

Summary of Statistics Methodology. Summary statistics were calculated using a combination of 
functions within Access, Excel, and EPA’s ProUCL statistical software, version 5.0.00 (EPA 2013b). 
For the mean, median, standard deviation, and percentiles, the method of calculation depended on 
the:  
• Number and percentage of non-detected measurements in the data set  
• Underlying statistical distribution to which the data set conforms (e.g., normal, gamma, 

lognormal, or no distribution [nonparametric]) 

Selection of appropriate statistical methods followed guidelines in EPA’s Unified Guidance, the 
ProUCL version 5.0.00 Technical Guide, and IDEQ’s Statistical Guidance (EPA 2009, 2013b; IDEQ 
2014). The statistical methods employed are as follows: 
• For data sets that contained only detected measurements and for which the sample size was at 

least five, the data set was evaluated in ProUCL for goodness-of-fit to normal, gamma, and 
lognormal distributions. Following ProUCL recommendations, if the data set fit multiple 
distributions, then the order-of-fit preference was normal, then gamma, then lognormal. If the 
data set did not fit any of these distributions, then the data set was treated as nonparametric. 
The ProUCL estimates of mean, median, standard deviation, and percentiles per the appropriate 
distribution were selected as the summary statistics. 

• For data sets that contained only detected measurements and for which the sample size was 
five or fewer, estimates of the mean, median, and standard deviation were directly calculated 
from the data set without distribution fitting in ProUCL. Percentiles were not calculated because 
of an insufficient quantity of detected data. 

• For data sets containing non-detects with more than five detected measurements but no more 
than 50 percent non-detects, the mean, median, standard deviation, and percentiles were 
estimated using the nonparametric Kaplan-Meier method in ProUCL. 

• For data sets containing non-detects with five or fewer detected measurements or more than 
50 percent non-detects, estimates of the mean, median, standard deviation, and percentiles 
were not calculated because of an insufficient quantity of detected data. 

8.6.2 Summary of Baseline Analytical Results 
The sample statistics for each monitoring well are discussed in Section 8.6.2.1. Sample statistics by 
aquifer are summarized in Section 8.6.2.2. Identification and distribution of key COIs are presented 
in Section 8.6.2.3. General water quality is described in Section 8.6.3. Potential sources to 
groundwater are summarized in Section 8.6.4 

8.6.2.1 Individual Sample Results 

Baseline summary statistics including the number of samples; number of detected measurements; 
number of non-detected measurements; minimum, maximum, mean, median, and standard 
deviation; and 90th, 95th, and 99th percentiles were calculated for each constituent in each 
monitoring well. The evaluated data were collected between August 1, 2012, and March 31, 2016. A 
full description of the statistical analysis is documented in the Groundwater Quality Baseline Study 
(HDR 2016a) and the methodology is summarized in Section 8.6.1. Summary tables for each 
monitoring well are provided in Appendix C-4. 
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8.6.2.2 Summary of Analytical Results by Aquifer 

Overall summary statistics for the groundwater samples; including number of samples, percent of 
non-detected measurements, percent of constituents detected below the most restrictive potentially 
applicable numeric criterion in Table 6-2 (if applicable), and percent of samples exceeding the 
criterion as well as minimum, maximum, and median concentrations; were calculated for each 
constituent and are shown in Tables 8-5 and 8-6 and displayed on Figures 8-25 and 8-26 for alluvial 
and bedrock wells, respectively. The most restrictive criteria provided in Section 6.2 were used to 
summarize the water quality of each constituent and develop a list of key COIs. As natural 
background concentrations have not been established for the mineralized zones in the Project Area, 
analytical results samples were compared to established numeric criteria for drinking water in Tables 
8-5 and 8-6 to provide a context in which to evaluate and compare the data.  
 

Table 8-5. Summary of Alluvial Groundwater Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected 
and Below 

Criteria  
(if applicable) 

% Exceeding 
Criteria  

(if applicable) 
Minimum Maximum 

Detected Median 

Conductivity µS/cm 341 0 100 – 0.53 689.21 118.2 

DO mg/L 342 0 100 – 0 10.88 7.035 

pH pH 339 0 72 28 4.96 10.13 6.88 

Oxidation-reduction 
potential Volt 334 0 100 – -0.537 0.761 0.08975 

Temperature, water °C 338 0 100 – 2.86 13.96 6.48 

Turbidity NTU 330 0 100 – 0 2,271 7.805 

Alkalinity as CaCO3, total mg/L 327 0 98 2 16 J+ 227 57 

Aluminum, total µg/L 328 0 65 35 1.3 J 16,800 71.1 

Aluminum, dissolved µg/L 326 0 100 0 0.9 J+ 183 5.5 

NH3 as N mg/L 324 69 31 – 0.02 U 0.132 J 0.02 U 

Antimony, total µg/L 329 0 47 53 0.05 J+ 1360 7.99 

Antimony, dissolved µg/L 327 0 47 53 0.07 J+ 1270 8.87 

Arsenic (III) µg/L 328 0 100 – 0.006 J 4,050 0.5645 

Arsenic, total µg/L 328 0 23 77 2.1 6,020 85.2 

Arsenic, dissolved µg/L 327 0 31 69 1 6,080 64.1 

Barium, total µg/L 328 0 100 0 1.62 J+ 284 34.05 

Barium, dissolved µg/L 326 0 100 0 1.42 167 21.2 

Beryllium, total µg/L 327 2 74 0 0.002 U 1.63 0.014 J 

Beryllium, dissolved µg/L 326 56 44 0 0.002 U 0.489 0.008 U 

Bicarbonate as CaCO3 mg/L 327 0 100 – 16 J+ 227 57 

Boron, total µg/L 328 3 97 – 4 U 60.5 8.3 J 

Boron, dissolved µg/L 326 5 95 – 2 U 55.9 7.2 J 

Cadmium, total µg/L 327 27 73 0 0.004 U 0.098 J+ 0.011 J+ 

Cadmium, dissolved µg/L 326 34 66 0 0.004 U 0.155 J+ 0.009 J 
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Table 8-5. Summary of Alluvial Groundwater Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected 
and Below 

Criteria  
(if applicable) 

% Exceeding 
Criteria  

(if applicable) 
Minimum Maximum 

Detected Median 

Calcium, total µg/L 328 0 100 – 4,320 128,000 22,600 

Calcium, dissolved µg/L 326 0 100 – 4,180 129,000 22,750 

Carbonate as CaCO3 mg/L 320 96 4 – 1 U 44 3 U 

Chloride mg/L 327 0 100 0 0.15 J 41 0.53 

Chromium, total µg/L 328 0 100 0 0.05 J 29.1 0.42 J 

Chromium, dissolved µg/L 326 1 99 0 0.03 U 1.88 0.19 J 

Cobalt, total µg/L 328 1 99 – 0.005 U 5.79 0.2845 

Cobalt, dissolved µg/L 326 1 99 – 0.006 U 5.83 0.176 

Copper, total µg/L 328 0 100 0 0.03 J+ 46.5 0.64 J 

Copper, dissolved µg/L 326 1 99 0 0.02 U 18.7 0.27 J 

Cyanide, total mg/L 323 71 29 0 0.0009 U 0.062 J+ 0.0009 
U 

Fluoride mg/L 327 15 85 0 0.006 U 0.43 0.06 J 

Hardness as CaCO3 mg/L 327 0 100 – 14.6 453 78.7 

Iron, total µg/L 328 1 44 55 3 U 24,500 436 

Iron, dissolved µg/L 326 16 67 16 3 U 3,300 14.25 J 

Lead, total µg/L 328 4 96 0 0.002 U 5.88 0.0965 

Lead, dissolved µg/L 326 18 82 0 0.002 U 0.542 0.01 J 

Magnesium, total µg/L 328 0 100 – 846 44,200 5,500 

Magnesium, dissolved µg/L 326 0 100 – 746 45,300 5,395 

Manganese, total µg/L 328 1 54 45 0.07 U 2,980 23.65 

Manganese, dissolved µg/L 326 1 65 33 0.07 U 3,020 3.8 

Mercury, total ng/L 327 0 100 0 0.5 U 677 12.4 

Mercury, dissolved ng/L 318 1 99 0 0.06 U 115 1.22 

Methyl mercury ng/L 324 60 40 – 0.03 U 22.2 0.03 U 

Molybdenum, total µg/L 328 0 100 – 0.02 J+ 19.7 1.23 

Molybdenum, dissolved µg/L 326 0 100 – 0.01 J+ 18.5 1.17 

Nickel, total µg/L 328 0 100 – 0.05 J+ 27 0.75 

Nickel, dissolved µg/L 326 0 100 – 0.04 J+ 25.7 0.5 

Nitrate + nitrite as N mg/L 326 17 83 0 0.009 U 0.797 0.0905 

N, total mg/L 326 4 96 – 0.16 U 18.5 J+ 0.62 J 

Total Kjeldahl nitrogen mg/L 327 0 100 – 0.14 U 18.2 J+ 0.5 J+ 

P, total µg/L 332 3 97 – 3 U 629 31 J 

P, dissolved µg/L 326 13 87 – 3 U 379 16.95 J 

Potassium, total µg/L 328 0 100 – 461 J- 9,620 1,600 
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Table 8-5. Summary of Alluvial Groundwater Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected 
and Below 

Criteria  
(if applicable) 

% Exceeding 
Criteria  

(if applicable) 
Minimum Maximum 

Detected Median 

Potassium, dissolved µg/L 326 0 100 – 418 4,420 1,510 

Selenium, total µg/L 327 75 25 0 0.2 U 2.9 0.4 U 

Selenium, dissolved µg/L 326 79 21 0 0.2 U 3.2 0.4 U 

Silver, total µg/L 327 48 52 0 0.002 U 0.482 0.003 J+ 

Silver, dissolved µg/L 326 89 11 0 0.002 U 0.22 J+ 0.004 U 

Sodium, total µg/L 328 0 100 – 1,910 59,800 4,260 

Sodium, dissolved µg/L 326 0 100 – 1,330 55,000 4,160 

TDS mg/L 327 0 96 4 18 639 110 J 

Sulfate mg/L 327 0 94 6 1.53 392 9.89 J 

Thallium, total µg/L 327 49 51 0 0.002 U 0.338 0.002 J+ 

Thallium, dissolved µg/L 326 77 23 0 0.0004 U 0.044 J+ 0.005 U 

Vanadium, total µg/L 328 0 100 – 0.065 J 22.3 0.545 

Vanadium, dissolved µg/L 326 1 99 – 0.05 U 1.19 0.29 

Zinc, total µg/L 328 1 99 0 0.2 U 774 2.105 

Zinc, dissolved µg/L 326 1 99 0 0.2 U 382 1.12 J 

Note: Bold: >10% above the strictest criteria in Table 6-2. 
– indicates that there is no numerical criterion for comparison. 
U =not detected. J+ = estimated value with a high bias. 
 

 
Figure 8-25a. Analyte detections in alluvial wells: September 2012–March 2016 
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Figure 8-25b. Analyte detections in alluvial wells: September 2012–March 2016 

 

 
Figure 8-25c. Analyte detections in alluvial wells: September 2012–March 2016 
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Table 8-6. Summary of Bedrock Groundwater Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected 
and Below 
Criteria (if 

applicable) 

% Exceeding 
Criteria (if 

applicable) 
Minimum Maximum 

Detected Median 

Conductivity µS/cm 229 0 100 – 41.59 758.04 221.67 

DO mg/L 229 0 100 – 0 10.61 1.33 

pH pH 226 0 66 34 6.17 10.51 8.23 

Oxidation-reduction 
potential Volt 222 0 100 – -0.555 0.42 -0.002 

Temperature, water °C 228 0 100 – 4.98 17.64 7.905 

Turbidity NTU 225 0 100 – 0 2,944.1 13 

Alkalinity as CaCO3, Total mg/L 219 0 100 0 32 226 133 

Aluminum, total µg/L 219 0 57 43 1.9 J- 64,200 109 

Aluminum, dissolved µg/L 219 0 88 12 1.8 J+ 6,820 13.5 

NH3 as N mg/L 218 61 39 – 0.02 U 0.106 0.02 U 

Antimony, total µg/L 219 0 47 53 0.187 1,550 8.59 

Antimony, dissolved µg/L 219 0 44 56 0.109 1,500 8.56 

Arsenic (III) µg/L 219 0 100 – 0.005 J+ 1,200 12.9 

Arsenic, total µg/L 219 0 9 91 0.3 J 1140 244 

Arsenic, dissolved µg/L 219 0 10 90 0.3 J 975 233 

Barium, total µg/L 219 0 100 0 3.06 1,430 41.4 

Barium, dissolved µg/L 219 0 100 0 1.81 767 31.4 

Beryllium, total µg/L 219 31 64 5 0.002 U 11 0.033 

Beryllium, dissolved µg/L 219 59 41 0 0.002 U 2.42 0.008 U 

Bicarbonate as CaCO3 mg/L 219 0 100 – 32 222 128 

Boron, total µg/L 219 2 98 – 4 U 100 17.2 J+ 

Boron, dissolved µg/L 219 4 96 – 4 U 75.2 15 J 

Cadmium, total µg/L 219 16 84 0 0.005 U 1.3 0.017 J+ 

Cadmium, dissolved µg/L 219 33 67 0 0.004 U 0.141 0.008 J+ 

Calcium, total µg/L 219 0 100 – 4,620 94,500 25,300 

Calcium, dissolved µg/L 219 0 100 – 3,070 92,600 18,800 

Carbonate as CaCO3 mg/L 217 73 27 – 3 U 70.6 3 U 

Chloride mg/L 219 0 100 0 0.2 J 6.36 0.48 

Chromium, total µg/L 219 0 100 0 0.06 J+ 176 0.61 J+ 

Chromium, dissolved µg/L 219 1 99 0 0.03 U 5.94 0.18 J+ 

Cobalt, total µg/L 219 2 98 – 0.005 U 16.9 0.249 J+ 

Cobalt, dissolved µg/L 219 1 99 – 0.006 U 8.28 0.248 J+ 

Copper, total µg/L 219 0 100 0 0.05 J 110 0.99 J+ 

Copper, dissolved µg/L 219 0 100 0 0.03 J 5.68 0.24 J+ 
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Table 8-6. Summary of Bedrock Groundwater Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected 
and Below 
Criteria (if 

applicable) 

% Exceeding 
Criteria (if 

applicable) 
Minimum Maximum 

Detected Median 

Cyanide, total mg/L 217 81 19 0 0.0009 U 0.0665 0.0009 U 

Fluoride mg/L 219 1 89 9 0.006 U 3.49 0.37 

Hardness as CaCO3 mg/L 219 0 100 – 17.9 397 89.3 

Iron, total µg/L 219 1 52 47 3 U 108,000 272 

Iron, dissolved µg/L 219 11 79 11 3 U 9,630 27.5 J+ 

Lead, total µg/L 219 0 90 10 0.006 J 184 0.35 J+ 

Lead, dissolved µg/L 219 10 90 0 0.002 U 29.8 0.038 J+ 

Magnesium, total µg/L 219 0 100 – 1,070 46,600 5,990 

Magnesium, dissolved µg/L 219 0 100 – 744 27,500 4,030 

Manganese, total µg/L 219 0 64 36 0.4 J+ 1520 24.9 

Manganese, dissolved µg/L 219 1 82 17 0.4 UJ 485 12.8 

Mercury, total ng/L 219 2 98 0 0.06 U 1980 3.47 

Mercury, dissolved ng/L 213 6 94 0 0.06 U 48.1 0.54 J+ 

Methyl mercury ng/L 216 76 24 – 0.03 U 1.02 0.03 U 

Molybdenum, total µg/L 219 0 100 – 0.13 J+ 36.6 3.78 

Molybdenum, dissolved µg/L 219 0 100 – 0.17 29 4.58 

Nickel, total µg/L 219 1 99 – 0.04 U 75.6 0.9 J+ 

Nickel, dissolved µg/L 219 0 100 – 0.04 U 6.99 0.48 J+ 

Nitrate + nitrite as N mg/L 219 33 67 0 0.009 U 1.08 0.041 J+ 

N, total mg/L 216 4 96 – 0.16 U 64 0.58 

Total Kjeldahl nitrogen mg/L 219 0 100 – 0.21 64 0.5 J+ 

P, total µg/L 223 9 91 – 3 U 1740 18.8 J+ 

P, dissolved µg/L 219 20 80 – 3 U 628 8.1 J+ 

Potassium, total µg/L 219 0 100 – 628 16,800 1,660 

Potassium, dissolved µg/L 219 0 100 – 271 J+ 7,130 1,480 

Selenium, total µg/L 219 81 19 0 0.2 U 7.8 0.4 U 

Selenium, dissolved µg/L 219 89 11 0 0.2 U 0.9 J 0.4 U 

Silver, total µg/L 219 32 68 0 0.002 U 10.1 0.01 J+ 

Silver, dissolved µg/L 219 75 25 0 0.002 U 0.163 0.005 U 

Sodium, total µg/L 219 0 100 – 1,850 142,000 27,500 

Sodium, dissolved µg/L 219 0 100 – 1,840 147,000 27,900 

TDS mg/L 219 0 98 2 22 800 184 

Sulfate mg/L 219 0 100 0 1.83 194 20.2 

Thallium, total µg/L 219 36 64 0 0.002 U 1.26 0.006 J+ 
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Table 8-6. Summary of Bedrock Groundwater Sample Statistics 

Constituent Unit(s) 
Total 

Number of 
Samples 

% Not 
Detected 

% Detected 
and Below 
Criteria (if 

applicable) 

% Exceeding 
Criteria (if 

applicable) 
Minimum Maximum 

Detected Median 

Thallium, dissolved µg/L 219 61 39 0 0.002 U 0.19 0.005 U 

Vanadium, total µg/L 219 4 96 – 0.03 U 65.6 0.574 

Vanadium, dissolved µg/L 219 7 93 – 0.02 U 9.22 0.29 

Zinc, total µg/L 219 0 100 0 0.2 U 490 6.2 J+ 

Zinc, dissolved µg/L 219 1 99 0 0.2 U 103 1.42 

Note: Bold: >10% above criteria  

– indicates that there is no numerical criterion for comparison. 
U =not detected. J+ = estimated value with a high bias. 

 

 
Figure 8-26a. Analyte detections in bedrock wells: September 2012–March 2016 
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Figure 8-26b. Analyte detections in bedrock wells: September 2012–March 2016 

 

 
Figure 8-26c. Analyte detections in bedrock wells: September 2012–March 2016 
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above numeric criteria for drinking water in more than 10 percent of the samples analyzed. The list 
of COIs, based on the statistics summarized in Tables 8-5 and 8-6, is provided in Table 8-7. 
 

Table 8-7. Groundwater COIs 

Constituent Alluvial Groundwater  Bedrock Groundwater 

pH   

Aluminum   

Antimony   

Arsenic   

Iron   

Manganese   
Note: Bold font: Highlights key COI, which are widespread and used for 
discussions of groundwater quality. 

 

The key COIs are arsenic and antimony, as they have some of the highest detected concentrations, 
the highest frequency of detection above criteria, and are relatively widespread across the Project 
Area. They are also constituents that have primary drinking water standards. Summarizing the 
distributions of these key COIs provides a ready understanding of the presence and distribution of 
contaminant sources in the Study Area. 

Secondary COIs are aluminum, iron, and manganese. The secondary COIs typically have lower 
frequencies of detection above criteria and are not as widespread in the Study Area as the key COIs. 
In addition, aluminum, iron, and manganese all have significantly higher total concentrations than 
dissolved concentrations (likely the result of well sample turbidity) and all three have only secondary 
drinking water standards. They are therefore not considered key COIs. 

As discussed in Section 7.7.2, neutral pH measurements in adit seeps highlight that AMD is not a 
significant concern in the Study Area. The groundwater statistics in Tables 8-5 and 8-6 indicate that 
pH has a wide range, including results both above and below the standard of 6.5 to 8.5. Because it 
does not appear related to mine workings and is a secondary drinking water standard, pH is not 
considered a key COI.  

Mercury, although a key COI in surface water, is not detected above the groundwater standard in 
either alluvial or bedrock groundwater, and is hence not a COI in groundwater.  
The baseline groundwater monitoring network of both alluvial and bedrock wells is shown on 
Figure 8-27. The distributions of the key COI concentrations (arsenic and antimony) detected in 
spring 2015 are provided on Figures 8-28 and 8-29. The spring 2015 data were selected for display 
to provide ready comparison with the spring 2015 surface water data displayed on Figures 7-20 and 
7-21. The spring 2015 data was selected for the display of surface water data because the data set 
was complete (some seeps and springs are dry in the fall), and the data were generated during a 
relatively recent monitoring event. Table 8-8 provides a comparison between the Spring 2015 
arsenic and antimony data in groundwater (presented on the figures) with median concentrations of 
the entire data set. The data generated during the spring 2015 monitoring event is similar to 
previous spring events (see time-series plots in Appendix C-5). 
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Figure 8-27
Groundwater Monitoring Well Locations

and Historical Mine Features
Water Resources Summary Report

Stibnite Gold Project

Basemap: Aerial photo, November 2015
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Figure 8-28
Arsenic in Groundwater - Spring 2015

Water Resources Summary Report
Stibnite Gold Project

Basemap: Aerial Photo, 2015

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig8-28_Arsenic_1500scale_11x17_20170606.mxd
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Figure 8-29
Antimony in Groundwater - Spring 2015

Water Resources Summary Report
Stibnite Gold Project

Basemap: Aerial Photo, 2015

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig8-29_Antimony_1500scale_11x17_20170606.mxd
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Table 8-8. Groundwater Analytical Results for Arsenic and Antimony in Monitoring Wells 

Concentrations in µg/L 

Well ID General Location- 
Upgradient to Down Gradient 

Arsenic Antimony 
Spring 2015 Median: All Samples Spring 2015 Median: All Samples 

MWH-A01 
Upgradient- Meadow Creek 

6.3 6.7 1.64 2.19 

MWH-B01 15.1 14.4 4.22 4.22 

MWH-A02 
Upper Meadow Creek 

5.66 5.48 0.13 0.081 

MWH-B02 0.62 1.14 1.21 1.11 

MWH-A03 
East Fork Meadow Creek 

14.5 10.4 3.26 1.94 

MWH-B03 17.6 17.7 1.52 1.67 

MWH-A04 

Lower Meadow Creek 

1890 1595 1.35 1.26 

MWH-B04 54.5 22.3 0.57 0.529 

MWH-A05 1760 1740 98 123.5 

MWH-B05 284 285.5 95.4 69.9 

Gestrin 107 68.5 2.46 2.58 

MWH-A07 341 267 1080 862 

MWH-B07 269 244.5 1.51 0.655 

MWH-A08 Upper EFSFSR 19.1 21 14.4 15.7 

MWH-A09 

Central Area- EFSFSR drainage  
below Meadow Creek to Yellow Pine Pit 

69.3 75.3 41.5 44.85 

MWH-B09 17.3 17.55 8.89 8.83 

MWH-A10 85.1 79.8 93.5 80.5 

MWH-B10 468 601.5 20.4 28.1 

MWH-A12 182 177 112 111 

MWH-B12 380 383 99.7 99.45 

MWH-A13 NS 4.45 NS 9.45 

MWH-B13 326 316 22.7 22.25 

MWH-A15 89.4 88.9 4.4 4.29 

MWH-B15 379 340 2.69 5.155 

MWH-A14 362 363 41 41.25 

MWH-A17 

North Area-Yellow Pine Pit Area  
to Sugar Creek 

4.73 4.51 1.44 1.455 

SRK-GM-04S 13.4 13.15 4.34 4.71 

MWH-A18 279 171.5 244 152.5 

MWH-A19 5400 4235 12.3 7.855 

SRK-GM-03S 21.7 8.94 3.34 1.73 

MWH-B20 West End Creek 304 295 15.6 15.05 

Notes: ‘A’ designation in the monitoring well names indicate well is installed in the alluvial sediments; green color highlights that 
concentrations are markedly higher in the alluvial aquifer than bedrock at that location. 
’B’ designation in the monitoring well names indicate well is screened across bedrock, blue color highlights that concentrations are 
markedly higher in the bedrock than in the alluvial aquifer at that location. 
Wells grouped together in the same interval are located next to each other. 
Median concentrations were calculated based on the existing database and statistical software was not utilized. 
NS = not sampled. 
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A discussion of general groundwater quality characteristics, including the key COIs is provided in 
Section 8.6.3. A discussion of the potential sources of key COIs to groundwater is provided in 
Section 8.6.4. 

8.6.3 General Groundwater Quality Characteristics 
Groundwater quality data from the alluvial and bedrock aquifers were evaluated and the data are 
discussed by general location (similar to the discussion of surface water data) to allow for ready 
comparisons of the data sets and identify potential interactions between the surface water and 
groundwater systems. Major ion and COI water quality data from alluvial and bedrock aquifers are 
then compared to the water quality data of surface water streams, tributaries, seeps and adit seeps 
to identify areas where historical mine features may be affecting the water quality of one or both 
aquifers. Maps that combine arsenic in surface water, and alluvial and bedrock groundwater are 
provided in Section 8.6.4 with the summary of potential sources of key COIs to groundwater. 

8.6.3.1 General Overview of Groundwater Quality 

Alluvial and bedrock groundwater data show differences in major ion chemistry both spatially within 
the Study Area and between the alluvial and bedrock aquifers. Groundwater major ion chemistry 
data plotted on Piper diagrams show a range of water types from calcium-bicarbonate to sodium-
sulfate. Sulfate concentrations vary within the Study Area and are highest in aquifers adjacent to 
historical mine facilities. Sodium concentrations vary within bedrock, and to a lesser extent alluvial 
aquifer samples. Further discussion of major ion chemistry of specific areas is provided below by 
area. 

Stiff diagrams have been plotted for the spring 2015 data to illustrate spatial distributions and 
compare alluvial and bedrock well chemistry (Figure 8-30). Stiff diagrams for each of the samples 
collected during 2015 are provided in Appendix C-6. The map shows how variable the general water 
chemistry is between aquifers and from one location to the next. The Stiff diagram map of the spring 
2015 data was prepared to be consistent with the surface water Stiff diagram map and because 
major ion chemistry data do not show significant seasonal variations (except for well MWH-B10, 
which is discussed below).  
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Arsenic concentrations are elevated in locations near historical mine features as well as at locations 
where no historical mine features have been identified. Bedrock water quality from wells MWH-B01 
and MWH-B03 upgradient of historical mine facilities in the Meadow Creek drainage have elevated 
total and dissolved arsenic concentrations indicating that naturally occurring arsenic sources may be 
contributing to water quality in the Study Area. 

Antimony concentrations typically do not exceed the criterion within the Meadow Creek drainage 
except for aquifer locations adjacent to historical mine features, indicating elevated antimony 
concentrations are likely from anthropogenic sources. Antimony concentrations are typically higher in 
alluvial wells than bedrock wells (Figures 8-28 and 8-29; Table 8-8). 
Neither antimony or arsenic show significant seasonal fluctuations in concentrations of dissolved or 
total metal concentrations for the alluvial or bedrock aquifer samples, as shown in the time series 
plots (Appendix C-5). Variations in metals concentrations are more likely attributed to variable 
sample turbidity, as discussed above. Plots of total and dissolved antimony and arsenic, respectively, 
by river and stream reach are shown in Figures 8-31 through 8-34, starting with the upper EFSFSR, 
followed downstream by Meadow Creek, the lower EFSFSR, and finally the Sugar Creek drainage.  
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Figure 8-31. Mean total antimony concentrations from September 2012–March 2016 

Source: (HDR 2016b). 

 

 

Figure 8-32. Mean dissolved antimony concentrations from September 2012–March 2016 
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Figure 8-33. Mean total arsenic concentrations from September 2012–March 2016 

 

 

Figure 8-34. Mean dissolved arsenic concentrations from September 2012–March 2016 
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8.6.3.1 EFSFSR-- Upgradient of Meadow Creek  

Water quality data show that the only well along the EFSFSR upgradient of the confluence with 
Meadow Creek (alluvial well MWH-A08), is a calcium-bicarbonate water type (Figure 8-30). Alluvial 
water quality data from MWH-A08 have elevated concentrations of total arsenic and total antimony 
(Figures 8-31 and 8-33). No historical mine features were identified near alluvial well MWH-A08, 
indicating that the elevated metals concentrations may be unrelated to anthropogenic activities 
(HDR 2017a). 

8.6.3.2 Meadow Creek Valley 

Paired alluvial and bedrock wells (MWH-A01 and MWH-B01) are located upgradient of historical 
mine features in the Meadow Creek drainage (Figure 8-27). Groundwater data from the head of 
Meadow Creek (MWH-A01 and MWH-B01) are calcium-bicarbonate water types (Figure 8-30 and 
Figures 8-35 and 8-36). Groundwater quality data from bedrock well MWH-B01 show slightly 
elevated concentrations of total arsenic (Figure 8-33, Table 8-8) suggesting a natural source of 
arsenic there.  

 
Figure 8-35. Piper diagram: alluvial wells—Meadow Creek  

May and November 2015 samples 
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Figure 8-36. Piper diagram: bedrock wells—Meadow Creek  

May and November 2015 samples 
 

Water quality data from wells in the East Fork Meadow Creek are sodium-bicarbonate water types 
(Figures 8-35 and 8-36). The Stiff diagram (Figure 8-30) shows that the water at bedrock well MWH-
B03 is distinctly different than the adjacent alluvial well MWH-A03, indicating that even though there 
is a downward vertical hydraulic gradient, the dominant chemistry of the bedrock well reflects a 
different source from the alluvial aquifer. Groundwater quality data from both MWH-A03 and MWH-
B03 show slightly elevated concentrations of total arsenic in the samples with concentrations in the 
bedrock samples slightly higher than the alluvial well samples (Table 8-8). No historical mine 
workings were identified in the East Fork Meadow Creek drainage. 

Several alluvial and bedrock wells are located adjacent to historical mine features within the 
Meadow Creek drainage and show differences in major ion concentrations. Water quality data from 
wells near the SODA and Bradley tailings (MWH-A02, MWH-A04, MWH-A05, MWH-A07, Gestrin well, 
MWH-B02, MWH-B05, and MWH-B07) plot in the calcium-bicarbonate and sodium-bicarbonate 
regions of the Piper diagram (Figures 8-35 and 8-36). Alluvial and bedrock water quality data near 
the historical mine facilities have higher proportions of sulfate than groundwater data in Meadow 
Creek. This increase in sulfate—though still below the groundwater standard—near Meadow Creek 
Mine and farther down the drainage, is similar to the change in chemistry seen in surface water and 
is diagnostic of mine-related impacts and/or natural mineralized areas.  

Alluvial and bedrock water quality near the Bradley tailings and former leach pads are elevated in 
total arsenic and total antimony (Figures 8-28 and 8-29) with concentrations higher in the alluvial 
well samples than the samples from bedrock (Table 8-8). Adit and seep water quality data are similar 
to the alluvial and bedrock water quality, an indication that nearby historical mine features may be 
impacting the aquifers.  
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8.6.3.3 EFSFSR -- Meadow Creek to Yellow Pine Pit 

Alluvial wells along the EFSFSR between the confluence with Meadow Creek north to the Yellow Pine 
Pit are mostly calcium-bicarbonate waters (Figure 8-37). Water quality data from bedrock wells 
MWH-B10 and MWH-B13 have higher proportions of sodium and fall between the calcium-
bicarbonate and sodium-bicarbonate water types (Figure 8-38). Water chemistry data from the 
alluvial and bedrock wells along the EFSFSR show no significant change between spring and fall 
except for bedrock well MWH-B10. Changes in major ion chemistry indicate that more than one 
source may be contributing variably to the groundwater in the area surrounding well MWH-B10.  

 
Figure 8-37. Piper diagram: alluvial wells—EFSFSR south of Yellow Pine Pit  

May and November 2015 samples 

 
Figure 8-38. Piper diagram: bedrock wells—EFSFSR south of Yellow Pine Pit  

May and November 2015 samples 
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Alluvial and bedrock water quality data show multiple locations where total arsenic and total 
antimony are elevated above drinking water criteria (Figures 8-31 and 8-33). Arsenic concentrations 
tend to be higher in the bedrock wells than the alluvial wells (Table 8-8) and antimony is slightly 
higher in the alluvial wells than the bedrock wells in the southern part of the area (MWH-A-10/MW-B-
10 and MWH-A-12/MW-B-12). The higher concentrations of arsenic in the bedrock aquifer in the 
central part of the project area where little mining has occurred may reflect natural conditions and 
the presence of mineralized but as yet unmined zones. 

Total arsenic concentrations fluctuate by an order of magnitude between spring and fall 2015 for 
bedrock well MWH-B10; however, there is no seasonality observed in the rest of the collected data, 
as shown on time-concentration plots presented in Appendix C-5.  

Water quality data from alluvial and bedrock aquifers in the Hennessy Creek drainage (MWH-A15 
and MWH-B15) are calcium-sodium-bicarbonate water types (Figure 8-30 and Figures 8-37 
and 8-38). Alluvial water quality data do not show seasonality and have similar chemistry to the 
surface water quality of YP-T-11 and YP-T12 (see Stiffs in Figure 7-24). Total arsenic is higher in the 
bedrock well than the alluvial well and does not show any seasonal changes. 

Alluvial aquifer data from just upgradient of the Yellow Pine Pit (MWH-A14) is a calcium-bicarbonate 
water type (Figures 8-30) and similar to seep (YP-AS-4) and surface water (YP-T-10) data 
(Figure 7-24). The total antimony concentration from well MWH-A14 is elevated and generally higher 
than the arsenic concentrations in the nearby surface water samples. 

8.6.3.4 EFSFSR -- Yellow Pine Pit to Sugar Creek 

Alluvial groundwater data from wells north (downstream) of the Yellow Pine Pit plot in more than one 
region of the Piper diagram, indicating a wide range of water types ranging from calcium-sodium to 
bicarbonate and sulfate (Figure 8-39). Concentrations of TDS increase in the alluvial aquifer data 
collected along Hennessy Creek as shown by an increase in the width of the Stiff diagrams 
(Figure 8-30). Surface water data from YP-T-41 at Hennessy Creek (Figure 7-24) have similar 
chemistry to the alluvial water quality data at MWH-A17, indicating that surface water infiltration is 
the likely source of recharge to the alluvial aquifer at this location. 

 
Figure 8-39. Piper diagram: alluvial wells—EFSFSR downgradient of Yellow Pine Pit  
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Alluvial water quality from wells MWH-A18 and MWH-A19 along the EFSFSR upgradient of the 
confluence with Sugar Creek have higher concentrations of calcium and sulfate than other adjacent 
alluvial wells (Figure 8-39) and they also have some of the highest concentrations of arsenic and 
antimony (Figures 8-28 and 8-29). The arsenic concentrations in samples from well MWH-A19 are 
some of the highest in the Project Area (Figure 8-33 and Table 8-8). Alluvial water quality data from 
other wells near legacy mine rock dumps north of the Yellow Pine Pit (MWH-A18, SRK-GM-03S, and 
SRK-GM-04S) show elevated concentrations of arsenic and mercury (Figures 8-28 through 8-34). 
Data from alluvial monitoring well MWH-A17, located in the same general area but along the lower 
portion of Hennessy Creek, show concentrations of total metals that are lower than (meet) drinking 
water criteria.  

8.6.3.5 Sugar Creek Drainage 

Water quality data from the bedrock well within the Sugar Creek drainage is a calcium-magnesium-
bicarbonate water type (Figure 8-40). Bedrock well MWH-B20 water quality data are most like 
surface water data collected at YP-T-6 (Figure 7-45) however, the groundwater data have higher 
proportions of magnesium. Bedrock well MWH-B20 is located near the Lower West End rock dump, 
and shows elevated concentrations of total arsenic and total antimony with no significant seasonal 
variation. Concentrations of total arsenic from bedrock well MWH-B20 are higher than the surface 
water concentration measured at the tributary location YP-T-6 (Figures 8-28 and 7-20), which could 
indicate groundwater is contributing to the metals concentrations of surface water within the West 
End Creek drainage. 

 
Figure 8-40. Piper diagram: bedrock well in Sugar Creek drainage 
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8.6.4 Potential Sources of Key COIs in Groundwater  
A long history of mining activities has occurred in the Project Area and the key COIs arsenic and 
antimony have been released from several historical mining features, as well as native undisturbed 
mineralization. Figures 8-41 and 8-42 provide compilations of the surface water and groundwater 
quality data for arsenic collected Spring 2015 to provide a ready comparison between surface water 
(including seeps and springs), alluvial groundwater and bedrock groundwater. Figure 8-41 shows the 
southern Project Area; Figure 8-42 shows the northern Project Area. Historical mine features and the 
location of the line of the hydrogeologic cross section (included as Figure 8-15) are also shown on 
the figures.  

Figures 8-41 and 8-42 illustrate that in Meadow Creek Valley, arsenic concentrations in both surface 
water and alluvial groundwater increase below the historical mine features near the SODA, Bradley 
tailings, Meadow Creek Mine adit, mill/smelter area, and heap leach area. Arsenic and antimony 
concentrations in samples from the alluvial aquifer are higher than in samples collected from the 
bedrock indicating that downward percolation through the historical mine features is the source of 
these COIs to groundwater. Meadow Creek Valley is the proposed location of the Hangar Flats Pit 
(Figure 2-4) and the legacy mine features are to be removed and/or addressed as described in the 
PRO (Midas Gold 2016) (Section 2-3). 
  

I Brown ANo Caldwell I 



Project No: 150691

Client: Midas Gold

Basemap: Aerial Photo, 2015

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig8-41_ArsenicTotal_South_CrsSect_800scale_2q2015_11x17.mxd

Date: June 2017

")

")

")

")

")

")

")

")

"!)

"!)

"!)

"!)

"!)"
!)"
!)

"!)

"!)

"!)

"!) "!)

#

#

#

#

#

#

#

#

#

170

103
2860

24500
277

10.5

A'

0.62

17.6

54.5

284

269

17.3

468

380

326

Garn
e t Cr ee

k

Ea
s t

Fo
rk

Me
ad

ow
Cr

e e
k

Eas t Fork South Fork Sa lm on Rive r

Fid
dle

Cre
ek

Meadow Creek

107

5.66

14.5

1890

1760

341
19.1

69.3

85.1

182

10.1

97.8

17.1

15.6
5.6

123

5.2

257

35600

1070

2950

190

980

2730000

2730000

2735000

2735000

11
75

00
0

11
75

00
0

11
80

00
0

11
80

00
0

0 800 1,600

Feet ¯
Figure 8-41

Water Resources Summary Report
Stibnite Gold Project

Total Arsenic - Spring 2015

Figure 8-41
Total Arsenic in Surface Water and Groundwater

in South Area - Spring 2015
Water Resources Summary Report

Stibnite Gold Project

Sources:
MGII, 2016 and HDR, 2017a
Notes:
Unit of measure - micrograms per liter (µg/L )

Legend

Project Area

Cross Section Line
A-A'-A''

Historical Mine Features
Development Rock
Pile

Ore Tailings Pile

Mill and Smelter

Man Camp / Mine
Support Facilities

Heap Leach Area

Streams

Alluvial Monitoring Well

< 10

10 - 100

100 - 500

500 - 1,000

1,000 - 5,000

> 5,000

Bedrock Monitoring Well

# < 10

# 10 - 100

# 100 - 500

# 500 - 1,000

# 1,000 - 5,000

# > 5,000

"!) Seeps/Springs

< 10")

10 - 100")

100 - 500")

500 - 1,000")

> 1,000")

Mine Pits and
Underground Workings

- ..... 7 I I,_ ··- -0 
0 
0 
0 -••••• 7 ··-• 
• 
• 
• 
• 
• 

111,1 .. 111 

I I I Br·OWn N-Jo i I Caldwell 



Project No: 150691

Client: Midas Gold

Basemap: Aerial Photo, 2015

Path: Bcboi\ \\bcboifp01\gis\PROJECTS\Midas Gold\BC Maps\WRSR\Fig8-42_ArsenicTotal_North_CrsSect_800scale_2q2015_11x17.mxd

Date: June 2017

")

")

")

")

")

")

")

")

")

")

")

")

")

"!)

"!)
"!)

"!)

"!)

"!)

"!)

"!)

"!)

"!)

"!)

#

#

#

#

#

#

19.8

27.3

14.8

13.9

7.6

91.1

4.9

89.0

2.1

97.8

61.8

1.9

17.6

Garnet Creek

West End Creek

Midnight Creek

Henn
e ssy

Cree
k

Fiddle Creek

East ForkSo uth F or kS almon R iv er

Sugar Creek

468

380

326

379

304

85.1

182

362

89.4

4.73

279

5400

21.7

13.4

153

27.6 105

257

43.4

134

107

127

190

190

2730000

2730000

2735000

2735000

11
85

00
0

11
85

00
0

11
90

00
0

11
90

00
0

0 800 1,600

Feet ¯
Figure 8-32-X

Water Resources Summary Report
Stibnite Gold Project

Total Arsenic - Spring 2015

Figure 8-42
Total Arsenic in Surface Water and Groundwater

in North Area - Spring 2015
Water Resources Summary Report

Stibnite Gold Project

A''

A'

Sources:
MGII, 2016 and HDR, 2017a
Notes:
Unit of measure - micrograms per liter (µg/L )"!) Seeps/Springs

Legend

Project Area

Cross Section Line
A-A'-A''

Historical Mine Features
Development Rock
Pile

Ore Tailings Pile

Mill and Smelter

Man Camp / Mine
Support Facilities

Heap Leach Area

Streams

") < 10

") 10 - 100

") 100 - 500

") 500 - 1,000

") > 1,000

Alluvial Monitoring Well

< 10

10 - 100

100 - 500

500 - 1,000

1,000 - 5,000

> 5,000

Bedrock Monitoring Well

# < 10

# 10 - 100

# 100 - 500

# 500 - 1,000

# 1,000 - 5,000

# > 5,000

Mine Pits and
Underground Workings

IIIJl .. i 11 

I Br·OWn N-Jo ! 
Caldwell i 

..... 
-0 
0 
0 
0 -...... 
• 
• 
• 
• 
• 
• 

, .. ,. 

7 -■-



Stibnite Gold Project | Water Resources Summary Report Section 8 

 

 8-71 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
20170630_BC_SGP_FINAL_WRSR.docx 

In the central part of the Project Area, north of the confluence of Meadow Creek and EFSFSR to 
south of the Yellow Pine Pit (north end of Figure 8-41 and south half of Figure 8-42) there are few 
legacy mine features that can yield arsenic and antimony to surface and groundwater other than the 
DMEA mine rock dump and adit seep on the west side of EFSFSR. The wells pairs on the east side of 
the EFSFSR (MWH-A10/B10, MWH-A12/B12, MWH-A13/B13 and MWH-A15/B15) show that arsenic 
concentrations are higher in the bedrock than in alluvium (Table 8-8) suggesting that mineralized but 
as yet un-mined zones may be present to the east of the EFSFSR. Elevated concentrations of 
antimony in the two alluvial wells north of Garnet Creek (MWH-A10 and MWH-A12) may be 
associated with water in the colluvium that is connected to the upgradient Garnet Pit. 

In the northern part of the Project Area (north half of Figure 8-42) at the south end of the Yellow Pine 
Pit near the Cinnabar Tunnel and Monday Tunnel adit seeps, arsenic is elevated in some surface 
water samples (Figures 8-42 and 8-15).  

Farther north, near the Bradley rock dump and USFS repository and near the confluence of Sugar 
Creek and the EFSFSR, some surface water and groundwater sample locations have elevated 
arsenic concentrations, one of which is the highest in the Project Area (MWH-A19; Figure 8-33). 
These elevated concentrations are close to the proposed Yellow Pine pit (Figure 2-4), where 
considerable rock will be removed during the mining process (Section 2-3).  

In the eastern part of the northern area, relatively few sampling locations are present, but the 
highest arsenic concentrations are present in a bedrock well within the area of the proposed West 
End pit (Figures 2-4 and 8-42). 
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Summary and Conclusions 
This WRSR compiles, presents, and evaluates the water resources information collected during the 
SGP baseline studies. The following summarizes the findings and conclusions.  

9.1 Surface Water Flow 
The following sub-sections present information regarding flows in surface water within the project 
area. 

Flows from Seeps and Springs. Numerous seeps and springs present in the Study Area are the result 
of water in the colluvium and shallow bedrock coming to the surface due to changes in the thickness 
and/or character of the colluvium; permeability differences between the colluvium, glacial till, 
alluvium, and/or legacy mine dumps; and underlying faults in the bedrock causing barriers to 
subsurface flow. Flows from the seeps and springs mapped throughout the Study Area in 2012 were 
measured and ranged from very small flows (less than 1 gpm) to flows greater than 20 gpm. Many of 
the seeps and springs with the highest flows are located on the steep, glacially carved slopes in the 
headwalls and valley sides of the glacial cirques. 

The surface water monitoring program for the SGP has included monitoring flows (and water quality) 
in 14 seeps generally located near legacy mine features, and 7 seeps from historical adits. Flows 
from the monitored seeps were reported in cfs and average flows have ranged from a low of 0.0023 
cfs (1 gpm) (from the Meadow Creek Mine adit) to a high of 0.25 cfs (110 gpm) (from a seep on a 
bench in the Yellow Pine Pit). Most of the monitored seeps and springs (85 percent) have average 
flows less than or equal to 0.1 cfs (45 gpm).  

Flows in the EFSFSR and Tributaries. Flows measured in the EFSFSR and its tributaries have been 
compiled and statistically evaluated. Average flows as measured at USGS gaging stations in the 
Project Area range from 10.27 cfs (in the headwaters of Meadow Creek) to 37.96 cfs in the EFSFSR 
above Sugar Creek. Average flows in the EFSFSR compiled from the monitoring network data (more 
representative of low-flow regimes as measurements are not feasible at higher flow rates) range 
from 4.45 cfs (at the most upstream location, upstream of the Fern Creek confluence) to 31.31 cfs 
(at the most downstream location, downstream of the Sugar Creek confluence).  

Average tributary flows in the Project Area range from 0.15 cfs (Scout Creek) and 0.19 cfs (Fern 
Creek) to 17.94 cfs (Meadow Creek). Fiddle Creek flows average 3.59 cfs, Hennessy Creek flows 
average 1.25 cfs, Rabbit Creek flows average 0.95 cfs, and Midnight Creek average flows range from 
0.67 to 0.99 cfs. 

EFSFSR and Tributary Gain-Loss Survey. A gain-loss analysis was conducted for the EFSFSR and its 
tributaries as part of this WRSR. Flow measurements close to baseflow conditions in fall 2012/2015 
were compiled and compared. Both gaining and losing reaches were identified and the reaches are 
consistent in both years. The EFSFSR is gaining at the confluence with Meadow Creek and losing 
below the confluence with Meadow Creek to above the confluence with Fiddle Creek. The reach from 
above Fiddle Creek to just above the Yellow Pine Pit is gaining and the reach from just above the 
Yellow Pine Pit downstream to the confluence with Sugar Creek is losing. 

Section 9 
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Fiddle Creek is a losing stream in the measured reach; Sugar Creek is gaining in an upstream reach 
and is losing in a downstream reach near the confluence with the EFSFSR. The gaining/losing 
natures of Midnight Creek and Meadow Creek were small and within the estimate of measurement 
error—so these two tributaries should be considered neutral. 

The gain-loss results will be important for groundwater modeling of surface water/groundwater 
interactions and improve the hydrologic conceptual site model. Magnitude of the gain-loss in these 
reaches can be used to guide model calibration. 

9.2 Groundwater Flow 
The following sub-sections provide information regarding aquifer characteristics and groundwater 
flow. 

Hydrogeologic Conceptual Model. Figure 9-1 provides a schematic east–west conceptual 
hydrogeologic cross sectional diagram in the general vicinity of the confluence of Meadow Creek and 
the EFSFSR. Precipitation and snowmelt in the upland areas run off the relatively impermeable 
bedrock unless they encounter shallow bedrock fractures or colluvium. Bedrock groundwater flows 
downslope until it reemerges as seeps or springs or discharges to the alluvial aquifer, which is 
primarily composed of lateral glacial moraines or stream deposits in the middle of the valleys 
(Figure 9-1). 
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Figure 9-1. Conceptual hydrogeologic cross section  
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Alluvial Aquifer Groundwater Flow. Colluvium and weathered bedrock, as well as shallow fractures 
related to glacial unweighting and weathering in upland areas provide discontinuous pathways for 
shallow downslope flow towards the valleys. Glacial till in the valleys is thick and is typically poorly 
sorted with fine-grained material that has a lower hydraulic conductivity, resulting in seep and spring 
formation near the contacts with colluvium. Alluvial transport and depositional processes, such as 
removal of fine-grained material and sorting and rounding of the remaining sediments, create sand 
and gravel channel deposits that form preferential pathways (i.e., conduits) for down-valley flow. 
Quaternary sedimentary deposits in the Meadow Creek and EFSFSR valleys are more than 250 feet 
thick locally. (Figure 9-1).  

Bedrock Aquifer Groundwater Flow. The Cretaceous igneous rocks and most of the Neoproterozoic 
to Ordovician metasedimentary section have very low permeability unless fractured. Several bedrock 
fault and fracture zones as well as up to four unconformities in the metasedimentary sections have 
the potential to influence groundwater flow. Fault zones typically contain breccias and fractures that 
have the potential to increase permeability (as shown on Figure 9-1); however, many of the breccias 
and fracture zones have been healed (i.e., sealed) by secondary mineralization and alteration. In 
addition, discontinuities in breccias and fracture zones likely prevent the formation of conduits for 
deep groundwater flow over long distances. Sealed breccias and clay fault gouges also likely form 
barriers to horizontal groundwater flow.  

Horizontal Hydraulic Gradients. For the WRSR, BC estimated horizontal hydraulic gradients for areas 
between wells located along the primary flow paths down the Meadow Creek and EFSFSR valleys. 
Horizontal hydraulic gradients in the alluvial aquifer based on spring and fall 2015 groundwater 
elevations range from about 0.014 to 0.112 ft per ft with averages of about 0.042 ft per ft. Steeper 
horizontal gradients are observed in the area south of the Yellow Pine Pit. Only very minimal changes 
to hydraulic gradients occurred between spring and fall measurements. 

Horizontal hydraulic gradients in the bedrock aquifer based on spring and fall 2015 groundwater 
elevations have an average of 0.024 ft per ft gradient that ranges from about 0.014 ft per ft to about 
0.035 ft per ft. The variability of gradients between bedrock wells is lower than those observed in the 
alluvial aquifer seasonally and in overall magnitude. Bedrock groundwater elevation data are not 
available for the area north of the Yellow Pine Pit, but it is likely that steeper hydraulic gradients exist 
in this area, similar to the alluvial aquifer hydraulic gradients.  

Vertical Groundwater Gradients. Comparison of the WRSR-estimated average vertical hydraulic 
gradients for spring and fall 2015 with longer-term averages presented in the Final Groundwater 
Hydrology Baseline Study indicate that vertical gradients show variability in magnitude from year to 
year, but vertical gradient directions in individual wells generally remain the same, based on nine 
alluvial/bedrock well pairs (SPF 2017). While 2015 vertical gradients in some well pairs are very 
similar to longer-term averages presented in the Final Groundwater Hydrology Baseline Study, some 
well pairs show notable differences. The reason for these differences is not clear, but variability in 
annual and local precipitation and recharge are likely factors. Overall, based on the limited data, 
there is no apparent correlation of vertical gradients with losing or gaining sections of streams or 
upland versus valley bottom locations. 
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Aquifer Parameters. The results of varied parameter testing efforts in the alluvial groundwater 
system are relatively consistent and indicate a typical hydraulic conductivity range of approximately 
1 to 100 ft/d, with an average hydraulic conductivity of approximately 10 ft/d (SPF 2017). BC’s 
estimated alluvial aquifer transmissivity of 3,350 ft2/d (hydraulic conductivity of 10.2 ft/d) from 
analysis of the 31-day test in the Gestrin well for this WRSR is generally consistent with that reported 
in the Final Groundwater Hydrology Baseline Study (SPF 2017). These estimates are consistent with 
the range expected for alluvial materials (Freeze and Cherry 1979). 

The results of hydraulic testing of bedrock material show a large range from less than 3 x 10-4 ft/d to 
5.9 ft/d (SPF 2017). Such a broad range is expected when testing both fractured (i.e., high hydraulic 
conductivity) and unfractured (i.e., low hydraulic conductivity) crystalline rock. The hydraulic 
conductivities from 2012 packer tests conducted in 2012 show (1) essentially impermeable rock 
within unfractured test intervals and (2) low to moderate hydraulic conductivities within fractured 
test intervals. Slug tests of water quality monitoring wells show higher hydraulic conductivities, which 
are to be expected because successful water quality monitoring wells necessarily intersect water-
bearing fractures (SPF 2017). BC’s estimated bedrock transmissivity of 1,350 ft2/d (hydraulic 
conductivity of 4.5 ft/d) from analysis of the 31-day Gestrin well test for this WRSR is consistent with 
that reported in the Final Groundwater Hydrology Baseline Study. These estimates are consistent 
with the range of values for unfractured and fractured rock (Freeze and Cherry 1979).  

Alluvial/Bedrock Groundwater Interaction. BC’s review of aquifer testing indicates both alluvial and 
bedrock wells responded strongly to initial pumping. Aquifer test results from two deeper (bedrock) 
wells are indicative of isolated flow zones and fracture-type flow behavior, with drawdown indicative 
of flow from single fractures or isolated zones of permeability much higher than the surrounding 
material. This drawdown pattern is also indicative of “drainage” conditions, as water continues to 
drain out of the fracture to the pumping well, the alluvium drains to the fracture and Meadow Creek 
drains to the alluvium. The rate of drawdown after the initial response to pumping is similar to the 
pre-pumping background trend and may indicate near-equilibrium with Meadow Creek during the 
test. There is no evidence of significant confined conditions in either the alluvial or bedrock aquifers. 

9.3 Water Quality 
The analytical results of all surface water and groundwater samples collected during the baseline 
monitoring program were compiled and statistics were computed on the surface water and 
groundwater data sets to summarize general water quality in each media. The results were 
compared to Idaho surface water and groundwater most restrictive numerical standards/criteria in 
IDAPA 58.01.02 and IDAPA 58.01.11, respectively. Comparison to numerical criteria provides a way 
to readily compare water quality from one location to another in the same media and between media 
but should not be interpreted to include any legal or regulatory compliance conclusions. The 
discussion and use of water quality standards and criteria in this report is for technical analytic 
purposes. Unless otherwise specifically noted, numeric or other water quality standards or criteria 
referenced in the analysis are the most restrictive standard or criterion identified as potentially 
applicable or relevant. 
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It is important to note that many of the constituents present are likely to be naturally elevated in and 
near mineralized zones. Natural background concentrations have not yet been determined for the 
SGP but it is likely that background concentrations would be above numeric criteria for many of the 
COIs. The Groundwater Quality Rule (IDAPA 58.01.11) states that if natural background is shown to 
be above the numeric standard, the background concentration becomes the standard. There are 
numerous prospects in the District that are mineralized but have not been mined.  

Until natural background levels can be established and numeric standards adjusted (if appropriate), 
surface water and groundwater data have been compared to Idaho and EPA drinking water 
standards per IDEQ local beneficial use designations. All surface water results were also compared 
to Idaho cold water biota standards even though the seeps and springs generally do not provide 
habitat for fish. 

To summarize the data, understand patterns and trends, and display water quality data on maps, the 
water quality data were compared to the most restrictive numeric criteria and the constituents 
detected at concentrations that exceed such numeric criteria in more than 10 percent of the 
samples were considered COIs. As such, COIs vary by water source and are listed in Table 9-1.  
 

Table 9-1. COIs by Water Source 

Constituent Streams Seeps/Springs Adit Seeps Alluvial Groundwater Bedrock Groundwater 

pH      

Aluminum      

Antimony • • • • • 

Arsenic • • • • • 

Iron      

Manganese      

Mercury • • •   

Thallium      

TDS      

Sulfate      

Cyanide      

Note: bold font and • highlights the key COIs that are described in the report for purposes of characterizing 
vertical and lateral extent and identifying primary sources. 

 

Antimony, arsenic, and mercury are considered the key surface water COIs for the SGP. Antimony, 
arsenic, and mercury have some of the highest frequencies of detection above such criteria in the 
Project Area, have primary drinking water standards, are relatively widespread, and are present at 
elevated concentrations in the EFSFSR. 

Antimony and arsenic are also considered the key COIs in groundwater. Elevated mercury is rare in 
local groundwater and is thus not a key COI. Secondary COIs are pH, aluminum, iron, and 
manganese. The secondary COIs typically have lower frequencies of detection above numeric criteria 
and are not as widespread in the Study Area as antimony and arsenic.  
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Near neutral pH measurements in adit seeps highlight that AMD is not a significant concern in the 
Study Area. The groundwater statistics indicate that pH has a wide range, including both above and 
below the standard of 6.5 to 8.5. Because it does not appear related to mine workings and is a 
secondary drinking water standard, pH is not considered a key COI.  

A high percentage of high-turbidity sample data may be overestimating the groundwater 
concentrations of many metals, including aluminum, iron, and manganese. Because aluminum, iron, 
and manganese are all significantly higher in total concentrations, and all three are the subject of 
secondary rather than primary drinking water standards, these constituents are also not considered 
key COIs. Additional efforts to reduce turbidity—such as more thorough well development and low-
flow sampling methods—may be considered to provide more representative samples of actual 
aquifer conditions. 

Sources of COIs to Surface Water and Groundwater. An analysis of general water quality in the 
EFSFSR, tributaries, and seeps was conducted to identify the primary sources of constituents to 
surface water. The identified sources include seeps from mineralized and unmined areas as well as 
seeps and springs located adjacent to legacy mine features, adits, and historical tunnels. Most of the 
legacy mine features yield some COIs to the EFSFSR and its tributaries through seep, adit, and 
tunnel discharge. The concentrations of key COIs in samples vary widely and the flows from the 
features tend to be very low. Most of the primary sources identified during the data compilation and 
review lie within Meadow Creek Valley and are associated with the SODA and underlying Bradley 
tailings; the Meadow Creek Mine adit, mill, and smelter; and the heap leach area that is underlain by 
Bradley tailings. These areas will be addressed by the SGP and the planned mining of the Hanger 
Flats deposit. 

Presence and Distribution of Key COIs in Surface Water (EFSFSR and Tributaries). Arsenic is the 
most widespread of the key COIs and is present in both the EFSFSR and the eastern tributaries that 
drain the mineralized areas of the Project Area. Concentrations generally increase along the flow 
path from Meadow Creek in the south to the EFSFSR downstream of Sugar Creek in the north. 
Concentrations of arsenic in Meadow Creek that were detected in spring 2015 ranged from 
approximately 15 to 17 µg/L. Concentrations in the EFSFSR below Meadow Creek ranged from 
approximately 10 to 27 µg/l near Sugar Creek. Arsenic concentrations show only slightly increasing 
concentrations downstream within each reach of the EFSFSR, but show temporary decreases in 
concentrations during spring runoff. 

Antimony concentrations in surface water show a slightly different pattern than arsenic. Elevated 
concentrations in surface water typically begin in the EFSFSR below Meadow Creek Concentrations 
in the EFSFSR detected in spring 2015 ranged from approximately 5.75 µg/L just below the 
confluence with Meadow Creek to 8.26 µg/L above the Yellow Pine Pit, to 14.00 µg/L above the 
confluence with Sugar Creek. Antimony has slightly more seasonal variability than arsenic. 
Concentrations in the EFSFSR typically increase during summer, fall, and winter, and then decline 
during spring runoff.  

The distribution of mercury has a different pattern from either arsenic or antimony. The highest 
mercury concentrations (115 to 145 ng/L) in the Study Area streams were detected in samples 
collected from Sugar Creek upstream of the legacy mine workings at the SGP site. During spring 
2015, mercury concentrations in the EFSFSR in the Project Area ranged from 9.4 ng/L at Rabbit 
Creek to 15.0 ng/L upstream of the confluence with Fiddle Creek, and then decreased to 8.6 µg/L 
before Sugar Creek. Although mercury concentrations in the EFSFSR generally tend to increase 
during spring runoff, concentrations during the year are variable. 

Presence and Distribution of Key COIs in Groundwater. Arsenic concentrations are elevated both 
near historical mine facilities and at locations where no historical mine facilities have been 
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identified. Bedrock and/or alluvial groundwater quality from upgradient wells in the Meadow Creek, 
East Fork Meadow Creek, and EFSFSR drainage all have elevated total and dissolved arsenic 
concentrations indicating that naturally occurring arsenic sources may be contributing to water 
quality within the Project Area. Concentrations of total and dissolved metals in groundwater, 
however, are much higher near historical mine facilities such as the Meadow Creek Mine adit, mill, 
and smelter, heap leach area and SODA (the latter two of which are underlain by Bradley tailings).  

Below the Meadow Creek/EFSFSR confluence to the existing Yellow Pine Pit, arsenic concentrations 
generally decrease but remain elevated above the most restrictive numeric criteria. In some cases, 
bedrock groundwater concentrations are highest, which may indicate that concentrations in poorly 
connected fractures are not being diluted by flow down the valley. Concentrations of arsenic are 
generally lower in the alluvial wells below the Yellow Pine Pit, with one exception being at the 
monitoring well located just below the Northwest Bradley Rock Dump. A single bedrock well is 
present in the Sugar Creek drainage (in the West End area) and it has arsenic concentrations slightly 
elevated above the groundwater standard.  

Antimony concentrations typically do not exceed numeric criteria within the Meadow Creek drainage 
except for aquifer locations adjacent to historical mine facilities at the Meadow Creek Mine adit, mill, 
and smelter, heap leach area, and SODA (the latter two of which are underlain by Bradley tailings). 
The spatial distribution of antimony concentrations is similar to arsenic, with concentrations 
decreasing northward toward the Yellow Pine Pit, but elevated above the criterion in some wells 
below the pit and in the West End bedrock well. Elevated antimony concentrations are present in 
both the alluvial and bedrock aquifers and are typically higher in alluvial wells than bedrock wells.  

Neither antimony nor arsenic show seasonal variations in concentrations of dissolved or total metal 
concentrations for the alluvial or bedrock aquifer samples. Variations in metals concentrations are 
more likely attributed to variations in turbidity. 
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Limitations 
This document was prepared solely for Midas Gold Idaho, Inc. (Midas) in accordance with 
professional standards at the time the services were performed and in accordance with the contract 
between Midas and Brown and Caldwell dated January 16, 2017. This document is governed by the 
specific scope of work authorized by Midas; it is not intended to be relied upon by any other party 
except for regulatory authorities contemplated by the scope of work. We have relied on information 
or instructions provided by Midas and other parties and, unless otherwise expressly indicated, have 
made no independent investigation as to the validity, completeness, or accuracy of such information.  

This document sets forth the results of certain services performed by Brown and Caldwell with 
respect to the property or facilities described therein (the Property). Midas recognizes and 
acknowledges that these services were designed and performed within various limitations, including 
budget and time constraints. These services were not designed or intended to determine the 
existence and nature of all possible environmental risks (which term shall include the presence or 
suspected or potential presence of any hazardous waste or hazardous substance, as defined under 
any applicable law or regulation, or any other actual or potential environmental problems or 
liabilities) affecting the Property. The nature of environmental risks is such that no amount of 
additional inspection and testing could determine as a matter of certainty that all environmental 
risks affecting the Property had been identified. Accordingly, THIS DOCUMENT DOES NOT PURPORT 
TO DESCRIBE ALL ENVIRONMENTAL RISKS AFFECTING THE PROPERTY, NOR WILL ANY ADDITIONAL 
TESTING OR INSPECTION RECOMMENDED OR OTHERWISE REFERRED TO IN THIS DOCUMENT 
NECESSARILY IDENTIFY ALL ENVIRONMENTAL RISKS AFFECTING THE PROPERTY.  

Further, Brown and Caldwell makes no warranties, express or implied, with respect to this document, 
except for those, if any, contained in the agreement pursuant to which the document was prepared.  

All data, drawings, documents, or information contained this report have been prepared exclusively 
for the person or entity to whom it was addressed and may not be relied upon by any other person or 
entity without the prior written consent of Brown and Caldwell unless otherwise provided by the 
Agreement pursuant to which these services were provided. 
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Stewart et al. 2016 (IGS: 2 plates) 
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Appendix B: Surface Water Information 

B-1: Hydrographs 

B-2: Analytical Results Summary Statistics by Sample Location 

B-3: Water Quality Plots 

Scatter Plots- Total vs Dissolved Results 

Box Plots 

Time Series Plots 

B-4: Stiff Diagrams for Surface Water 
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Appendix C: Groundwater Information 

C-1: IDWR Well Drillers Reports for Stibnite Supply Wells 

C-2: Well Logs and Well Construction Diagrams 

C-3: Scatter Plots- Total vs Dissolved Results 

C-4: Analytical Results Summary Statistics by Well  

C-5: Time Series Plots 

C-6: Stiff Diagrams for Groundwater 
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